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TO 


THE    SECOND  EDITION. 


In  the  Second  Edition  of  this  work  considerable  alterations  and 
additions  have  been  made  both  in  the  text  and  in  the  illustra- 
tions. 

I  regret  that  Mr.  Adams  Erost  has  not  been  able  to  assist 
me  with  the  chapter  on  Kefraction,  but  his  place  has  been  taken 
by  Mr.  John  Griffith.  I  have  to  thank  Mr,  Griffith  also 
for  much  help  in  the  preparation  of  the  Photomicrographs, 
Original  Drawings,  and  the  derivations  of  Ophthalmic  Terms  to 
be  found  in  the  Index  ;  and  Mr.  Th^linghurst  Atwool  for  many 
new  Coloured  Drawings  of  the  Fundus  Oculi. 

HENEY  JULER. 


23  Cavendish  Square,  W. 
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THE    FIRST  EDITION. 


In  the  preparation  of  tlie  following  work,  it  has  been  my  en- 
deavour to  produce  concise  descriptions  and  typical  illustrations 
of  all  tlie  important  affections  of  the  eye. 

With  one  exception,  the  coloured  plates  have  all  been  taken 
from  cases  met  with  in  the  course  of  clinical  work,  chiefly  at 
the  Royal  Westminster  Ophthalmic  Hospital,  St.  Mary's  Hos- 
pital, and  the  Royal  London  Ophthalmic  Hospital,  Moorfields. 
With  regard  to  the  drawings  of  these  and  the  other  illustrations, 
I  have  received  valuable  suggestions  and  assistance  from  Mr.  E. 
Noble  Smith. 

The  chapter  on  Refraction  has  been  jointly  written  by  my 
colleague  Mr.  Adams  Frost  and  myself,  and  that  on  Colour- 
Vision  is  entirely  his  work. 

My  best  thanks  are  due  to  my  friend  and  colleague  Mr. 
Anderson  Critchett  for  the  kind  way  in  which  he  has  allowed 
me  to  make  use  of  any  cases  coming  under  his,  or  our  joint, 
care  at  St.  Mary's  Hospital,  and  for  many  valuable  practical 
suggestions  as  to  diagnosis  and  treatment. 
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I  also  have  to  thank  Dr.  E.  J.  Edwaedes  for  considerable 
help  in  the  chapter  on  the  Optic  Nerve  and  Retina,  more 
especially  with  regard  to  the  views  of  Continental  writers. 

Finally,  I  am  indebted  to  Mr.  Adams  Feost  and  Mr.  Arthur 
K.  Willis  for  their  valuable  help  and  suggestions  in  passing 
the  book  through  the  press. 

77  WiMPOLE  Stbebt,  Cavendish  Square,  W 
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CHAPTER  I. 

AFFECTIONS  OF  THE  EYELIDS. 

ANATOMY  AND  PHYSIOLOGY— BLEPHARITIS— PHTHEIRIASIS—CEDEMA— HOE 
DBOLUM— CHALAZION— TRANSLUCENT  CYSTS— DERMOID   CYST— NiEVI- 
XANTHELASMA— EPITHELIOMA     (RODENT     ULCER)— PAPILLOMA— MOL 
LUSCUM     CONTAGIOSUM — SARCOMA — CHANCRE  —  GUMMA  —  BLEPHARO- 
SPASM—PTOSIS— TRICHIASIS— ENTROPION— ECTROPION — EPICANTHUS — 
— INJURIES— ■WOUNDS— BURNS— HERPES    OPHTHALMICUS— ANKYLOBLH- 
PHARON— SYMBLBPHARON— COLOBOMA  PALPBBR^. 

Anatomy  and  Physiology. — From  without  inwards  each  eye- 
lid presents  the  following  structures  (fig.  1)  :  skin,  connective 
tissue,  sphincter  orbicularis,  and  the  ciliary  muscle  of  Riolanus, 
the  glands  of  Moll,  a  loose  cellular  interval  with  the  expansion 
■of  the  tendon  of  the  levator  palpebras  muscle,  the  tarsus  with 
the  Meibomian  glands  and  glands  of  Krause,  the  muscle  of 
Miiller,  and  the  conjunctiva.  T/te  .sA-m  is  continuous  with  that 
■of  the  face  ;  at  the  free  border  of  the  lid  it  becomes  continuous 
with  the  conjunctiva.  It  is  delicate,  but  otherwise  resembles 
the  general  integument ;  it  is  freely  movable  on  the  subjacent 
■connective  tissue.  The  cilia  are  slightly  curved,  and  are  placed 
in  from  two  to  four  rows  in  the  skin  at  the  anterior  border  of 
the  lids ;  at  each  side  of  the  follicle  of  each  cilium  there  opens 
a  sebaceous  gland.  Between  and  behind  the  cilia  are  found 
the  ducts  of  the  glands  of  Moll,  which  are  modified  sweat 
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glands,  situated  deeper  than  the  follicles  of  the  eyelashes,  pyriform 
in  shape,  each  consisting  of  a  dilated  fundus  twisted  upon  its  long 
axis,  from  which  a  long  narrow  duct  passes  to  the  surface ;  the 
gland  is  lined  with  flattened  nucleated  epithelium,  the  duct  with 
cuboidal  cells,  and  its  expanded  mouth  with  stratified  epithelium. 
The  subcutaneous  connective  tissue  is  devoid  of  fat-cells,  and 
communicates  with  the  subconjunctival  tissue  by  a  plexiform 
meshwork,  in  which  the  fibres  of  the  sphincter  orbicularis  are  em- 


FiG.  1.— Section  through  Upper  Eyelid  (semi-diagrammatic). 

O.P.F,  orbito- palpebral  fold  ;  O.r,  orbicularis  palpebrarum  ;  s,  skin  ;  B,  eyelashes  ;  L,  glands  of 
Moll ;  n,  muscle  of  Riolnuus  ;  i.t.a,  inferior  tarsal  arch  ;  G,  Meibomian  gland ;  c,  conjunc- 
tiva ;  K,  gland  of  Krause  ;  31,  muscle  of  MUUer ;  s.T.A,  superior  tarsal  arch  ;  v,  fornix  ; 
L.P,  tendon  of  levator  palpebrte. 


bedded.  The  palpebral  portion  of  the  orbicularis  palpeh-arum 
muscle  consists  of  thin,  pale,  and  slightly  curved  fibres,  sur- 
rounding the  fissure  between  the  eyelids.  It  is  closely  adherent 
to  the  skin  by  fine  connective  tissue,  but  glides  loosely  over  the 
tarsi ;  internally  it  is  attached  to  the  tendo  oculi,  and,  receiving 
some  fibres  from  the  tensor  tarsi  muscle  which  arises  from  the  ridge 
on  the  lachrymal  bone,  spreads  outwards  into  the  lids ;  some  fibres, 
however,  surround  the  upper  end  of  the  lachrymal  sac  and  are  at- 
tached to  the  orbital  ridge  of  the  nasal  process  of  the  superior 
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raaxilla    Other  fibres  derived  from  the  orbicular  muscle  encircle 
toVh  canaliculi.  The  tarsi  (tarsal  cartilages)  are  two  thin  elongated 
plates  composed  of  dense  connective  tissue.    They  give  firmness 
and  shape  to  each  eyelid.   They  are  situated  beneath  the  fibres  of 
the  sphincter  orbicularis  muscle.  The  upper  tarsus  is  somewhat 
oval  in  shape,  and  is  thickest  at  its  anterior  edge  ;  its  anterior 
surface  receives  some  of  the  tendinous  fibres  of  the  levator  palpe- 
br«  and  into  its  posterior  border  the  muscle  of  Miiller  is  inserted. 
The' lower  tarsus  is  thinner,  narrower,  and  of  nearly  uniform 
breadth  throughout.     The  tarsi  are  fixed  by  fibrous  tissue 
internally  to  the  tendo  oculi,  externally  to  the  malar  bone, 
and  above  and  below  to  the  margin  of  the   orbit   by  the 
palpebral  ligament.     This  ligament  in  the  upper  lid  is  a  white 
aponeurotic  membrane  attached  above  to  the  margin  of  the  orbit 
along  its  whole  length,  and  blends  below  with  the  fibrous  expan- 
sion'of  the  levator  palpebrse  muscle ;  in  the  lower  lid  its  struc- 
ture is  not  so  definite.    The  Meibomian  glands  number  from 
thirty  to  forty  in  the  upper  lid,  and  from  twenty  to  thirty  in 
the  lower.    They  are  embedded  in  the  under-surface  of  each 
tarsus,  and  are  arranged  in  linear  series  parallel  to  the  surface. 
In  structure  they  exactly  resemble  sebaceous  glands.   Each  con- 
sists of  a  long  excretory  duct  which  extends  the  greater  length 
of  the  tarsus,  and  into  which  several  csecal  appendages  open. 
The  duct  is  lined  with  stratified  epithelium  ;  the  appendages, 
which  are  sacculated,  possess  three  distinct  kinds  of  epithelium  : 
an  outer  single  layer  of  flattened  nucleated  cells ;  then  two  or 
three  layers  of  large  glandular  spheroidal  cells  with  marked 
reticulated  protoplasm,  a  large  nucleus  with  one,  two,  or  more 
nucleoli ;  an  inner  set  of  partially  disintegrated  cells,  with 
shrunken,  irregular,  and  deeply  staining  nuclei.     The  duct 
contains  a  fatty  secretion  which  extends  a  short  distance  into 
each  ccecal  appendage.    Their  excretory  ducts  open  on  the  free 
borders  of  the  lids.    Between  these  ducts  and  the  cilia  is  a 
layer  of  muscular  tissue,  which  is  an  ofishoot  of  the  orbicularis 
palpebrarum — the  musculus  ciliaris  Riolani  ;  a  few  of  the  mus- 
cular fibres  run  along  between  the  ducts  and  the  conjunctiva. 
Tlue  gland  of  Krause  is  a  small  racemose  gland  embedded  in  the 
hinder  part  of  the  tarsus  and  lined  by  short  cuboidal  cells ;  the 
ducts,  two  or  three  in  number,  open  on.  the  conjunctiva.  The 
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tendon  of  the  levator  pcdpehrce  superioris  upon  reaching  the  lid 
splits  up  into  several  bundlea  :  the  lower  bundles  are  inserted  into 
the  anterior  surface  of  the  tarsus  ;  the  uppermost  bundle  passes 
directly  forwards  to  be  inserted  into  the  skin,  giving  rise  to  the 
orbito-palpebral  cutaneous  fold,  and  marks  the  upper  limit  of 
the  lid ;  intermediate  bundles  passing  forwards  and  downwards 
interlace  with  the  muscular  fasciculi  of  the  orbicularis  muscle, 
and  are  lost  in  the  subcutaneous  tissue.  T/ie  muscle  of  Miiller  is 
a  layer  of  unstriped  muscular  fibres  which  have  an  anterior  attach- 
ment to  the  posterior  border  of  the  tarsus  and  extend  backwards 
over  the  cul-de-sac  of  the  conjunctiva,  some  of  which  reach  the 
ocular  portion  of  that  membrane  ;  others  in  the  upper  lid  form  an 
attachment  to  the  under-surface  of  the  levator  palpebrae  tendon. 

The  palpebral  conjunctiva  lines  the  posterior  surface  of  each 
lid;  it  is  continuous  at  the  free  margin  with  the  skin,  and 
extends  along  the  canaliculi  as  far  as  the  lachrymal  sac.  It  is 
closely  adherent  to  the  subjacent  tarsus,  and,  being  a  smooth 
secerning  membrane,  glides  easily  over  the  eyeball.  Its 
minute  structure  consists  of  stratified  epithelium  and  a 
little  subepithelial  connective  tissue  which  supports  vertically 
arranged  vessels  derived  mainly  from  the  superior  tarsal  arch, 
a  few  lymphatic  vessels,  and  a  fine  plexus  of  nerve-fibres  which 
renders  it  a  highly  sensitive  membrane.  The  arteries  of  the 
eyelids  proceed  from  the  ophthalmic  artery ;  each  lid  receives  a 
palpebral  branch  at  the  inner  canthus,  which,  dividing  into  two, 
form  by  their  anastomosis  with  palpebral  branches  from  the 
lachrymal  artery  a  superior  and  an  inferior  tarsal  arch  in  each 
lid.  In  the  upper  lid  the  superior  arch  lies  immediately 
■beneath  the  uppermost  fibres  of  the  levator  palpebrfe  tendon, 
•and  the  inferior  arch  between  the  ciliary  follicles  and  the 
tarsus ;  from  these  arches  the  whole  lid  is  supplied.  The 
sensory  nerves  are  derived  from  the  fifth  pair.  The  orbicularis 
muscle  is  supplied  by  the  facial,  the  levator  palpebras  by  the 
.third  nerve,  and  the  muscle  of  Miiller  by  the  sympathetic. 

The  mechanism  concerned  in  the  movements  of  the  eyelids  is 
•one  of  great  pathological  and  physiological  interest,  but  is  not 
yet  thoroughly  made  out.  The  normal  position  of  the  eyelids  is 
such  that,  when  the  eyes  are  open  and  looking  straight  forward, 
the  cornese  are  exposed  to  view  except  at  their  upper  parts.  This 
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position  is  relatively  nearly  the  same  when  the  eyes  are  directed 
either  upwards  or  downwards,  the  lids  thus  moving  with  the 
globes.     The  eyelids  are  opened  by  the  action  of  the  levator 
palpebrEB  superioris,  which  is  supplied  by  the  third  nerve.  They 
are  closed  by  the  relaxation  of  this  muscle,  and  by  the  contrac- 
tion of  the  sphincter  orbicularis,  which  is  supplied  by  the  facial 
nerve.   The  upward  movement  of  the  upper  lid  is  effected  by  the 
contraction  of  the  levator  palpebrae  superioris,  acting  probably  in 
association  with  the  rectus  superior  and  obliquus  inferior  ;  and 
the  lower  lid  is  lifted  up  by  means  of  its  connection  with  the 
upper  at  the  canthi.    The  lower  lid  is  probably  depressed  by 
means  of  the  relaxation  of  the  levator  palpebrae,  and  the  con- 
traction of  the  rectus  inferior,  which  acts  upon  Tenon's  capsule, 
with  which  the  inferior  tarsus  is  connected.    The  upper  lid  is 
thought  to  be  pulled  downwards  by  the  lower  through  its  attach- 
ment at  the  canthus.    The  action  of  the  muscle  of  Miiller  is  in- 
voluntary :  it  re-opens  the  palpebral  fissure  at  each  involuntary 
nictitation  (blinking).    For  further  information  on  this  subject 
the  reader  is  referred  to  a  paper  by  Mr.  Lang  and  Dr.  Fitzgerald, 
published  in  vol.  ii.  of  the  '  Transactions  of  the  Ophthalmological 
Society.' 

The  eyelids  serve  to  protect  the  eye  from  injury  and  undue 
exposure ;  their  edges  are  lubricated  by  the  secretion  of  the 
Meibomian  glands.  By  their  closure  at  frequent  intervals  they 
serve  to  convey  the  tears  from  the  lachrymal  gland  to  the  lachry- 
mal sac,  and  thus  to  lubricate  the  surface  of  the  conj unctiva,  and 
to  clear  away  mucous  secretion  from  the  corneal  surface. 

Blepharitis  (ophthalmia  tarsi,  tinea  tarsi,  sycosis  tarsi)  is  an 
inflammation  of  the  free  edges  of  the  eyelids. 

Causes.— most  constant  cause  is  uneleanliness  during  an 
attack  of  catarrhal  or  granular  ophthalmia.  The  discharge  is 
allowed  to  cake  at  the  roots  of  the  eyelashes,  which,  together 
with  the  marginal  glandular  elements,  take  on  a  chronic  inflani- 
matory  action  very  difiicult  to  subdue.  It  frequently  occurs  in 
strumous  subjects  who  have  been  exposed  to  bad  hygienic  con- 
ditions. It  is  very  common  in  childhood,  often  following  an 
attack  of  measles.  It  may  be  brought  on  by  excessive  use  of  the 
eyes,  especially  when  working  by  artificial  light.  Other  causes 
are  errors  of  refraction  and  obstruction  of  the  lachrymal  passages. 
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Symptoms  and  j^atholor/y.— There  are  numerous  degrees  of 
the  affection,  varying  from  simple  liyperaemia  to  severe  ulcera^ 
tion.  It  begins  with  painful  sensation  of  pricking  and  burning 
in  the  eyelids,  which  is  increased  on  exposure  to  bright  light 
or  to  cold  winds.  There  is  an  increase  of  the  glandular  secre- 
tion, and  the  eyelids  are  found  sticking  together  in  the  morn- 
ings by  gummy  exudation.  The  patient  experiences  inability  to 
do  prolonged  eye-work.  In  the  simplest  forms  there  is  only 
slight  redness  and  swelling,  no  marked  anatomical  lesions.  In 
the  more  severe  forms,  the  smarting,  pricking,  and  burning 
sensations  are  more  severe  ;  and  lachrymation  and  photophobia 
are  present.  The  edges  of  the  lids  are  red  and  thick,  and  the 
roots  of  the  lashes  are  seen  to  be  surrounded  by  yellow  incrust- 
ations of  pus,  beneath  which  are  found  more  or  less  severe 
ulcerations.  The  lids  are  so  glued  together  in  the  morning  that 
the  patient  is  unable  to  open  them  without  the  use  of  warm 
water.  If  neglected,  the  ulceration  may  become  deep  and 
severe,  and  thus  destroy  the  glandular  elements.  The  fatty 
secretion  is  thus  suppressed,  the  tears  overflow  and  cause  irrita- 
tion of  the  surrounding  skin^  which  often  becomes  the  seat  of 
chronic  eczema.  The  edges  of  the  lid  become  thickened,  the 
eyelashes  become  loose  and  fall  out  and  are  replaced  by  others 
of  stunted  growth,  or  the  lids  are  deprived  of  lashes  (lippitudo), 
or  everted  (ectropion)  ;  the  closure  of  the  palpebral  aperture 
may  be  imperfect,  and  the  globe  of  the  eye,  being  exposed,  is 
frequently  inflamed. 

Frognosis  and  treatment. — The  treatment  must  be  general 
as  well  as  local.  Tonics  should  be  administered  :  iron  in  some 
form,  quinine,  cod-liver  oil.  The  patient  should  avoid  fatigue 
of  the  eyes,  cold  winds,  and  artificial  light.  The  lachrymal 
passages  should  be  examined ;  any  errors  of  refraction  should  be 
corrected  by  spectacles.  Locally,  the  treatment  must  depend  on 
the  severity  of  the  case ;  in  the  simpler  forms  it  is  generally 
sufficient  to  thoroughly  cleanse  the  eyelids  from  all  incrustation 
two  or  three  times  daily  with  warm  w^ater,  or  with  warm  alka- 
line lotion,  and  then  to  smear  the  edges  with  some  stimulating 
ointment — such  as  that  of  the  yellow  or  red  oxide,  or  of  the 
nitrate  of  mercury  (F.  31,  32,  34)  ;  or  a  lotion  of  acetate  of 
lead  may  be  employed.    In  the  severer  forms,  the  incrustations 
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TOust  be  cleared  away  by  warm  alkaline  lotions,  as  borax 
/p  13)  or  carbonate  of  soda  (F.  14).  Those  lashes  which  ap- 
pear to"  be  the  seat  of  inflammation  should  be  cut  off  with 
scissors,  and  the  edges  of  the  lids  should  be  brushed  with  a  2 
per  cent,  solution  of  nitrate  of  silver.  This  application  should 
be  repeated  once  or  twice  a  week  until  a  healthy  condition  is 
■established  ;  and  an  ointment  of  the  red  or  yellow  oxide  or  of 
the  nitrate  of  mercury  should  be  smeared  on  the  lids  night  and 
mornino-  after  each  cleansing  with  the  alkaline  solution._ 

Phtheiriasis  or  pediculosis  is  a  parasitic  affection  which  may 
involve  the  eyelids.    The  louse  which  infests  this  region  is  one 
■whose  seat  of  election  is  on  the  pubes,  the  pediculus  pubis;  it 
will  be  found  close  to  the  root  of  an  eyelash.    Both  lids  are 
invariably  affected.    It  is  often  symmetrical ;  and  this  region  is 
usually  only  secondary  to  parasitic  disease  on  the  pubes.  The 
cilia  support  the  nits.    Low  life,  filthy  habits,  and  uncleanlmess 
predispose  to  pediculosis.    Women  and  children  are  more  often 
the  sufferers  than  men.    The  condition  is  readily  diagnosed : 
numerous  black  granules  are  visible  at  the  roots  of  the  lashes, 
and  nits  are  seen  adlierent  to  the  latter  ;  with  a  lens  the  move- 
ments of  the  lice  can  leave  no  doubt  as  to  the  nature  of  the 
disease.    There  is  intolerable  itching,  for  which  the  patient 
seeks  advice.    The  complete  absence,  as  a  rule,  of  all  inflam- 
matory signs  is  in  itself  a  sufiicient  distinction  from  marginal 
blepharitis.    The  treatment  consists  in  cleanly  habits,  and  the 
use  of  a  mercurial  lotion  (P.  9)  and  a  mercurial  ointment 
(F.  31)  ;  the  lids  being  bathed  several  times  a  day  with  the 
lotion,  and  the  ointment  applied  immediately  after  each  wash. 

(Edema  of  the  Eyelid  is  hardly  an  affection  of  itself,  but  it  is 
a  symptom  so  often  met  with,  and  causing  so  much  alarm  to 
the  patient,  as  to  deserve  special  notice.  It  may  be  the  result  of 
a  superficial  affection  such  as  hordeolum,  abscess  of  the  lachry- 
mal sac,  erysipelas,  periostitis  of  the  edge  of  the  orbit,  injury, 
or  catarrhal  or  purulent  ophthalmia. 

It  is  often  noticed  in  the  subjects  of  chronic  nephritis  on 
awaking  from  sleep,  when  it  occurs  on  the  side  which  has 
been  lowest  during  the  recumbent  posture.  It  may  be  caused 
by  more  deeply  seated  troubles,  such  as  panophthalmitis,  orbital 
cellulitis,  thrombosis  of  the  cavernous  sinus,  tumour  of  the  orbit. 
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Hordeolum  (stye)  is  a  circumscribed  inflammation  at  the 
root  of  an  eyelash  involving  its  sebaceous  glands. 

Oawse.— Styes  occur  most  frequently  at  that  time  of  life 
when  acne  spots  are  prone  to  appear;  at  that  age  when  the 
functional  activity  of  the  sexual  organs  has  just  commenced 
Any  temporary  derangement  of  them  may  be  the  possible  cause 
of  these  cutaneous  lesions.  They  may,  however,  occur  at  any 
age.  Over-use  of  the  eyes,  especially  in  hypermetropes,  and 
exposure  to  cold  winds  are  exciting  causes. 

•  Symptoms  and  pathology. —It  begins  as  a  circumscribed  red 
patch;  redness  and  swelling  soon  extend  to  the  neighbouring 
parts,  sometimes  to  an  alarming  extent.  Pain  is  sometimes 
very  severe.  At  the  end  of  three  or  four  days  a  yellowish  point 
appears  at  the  centre  of  the  swelling,  generally  around  the  base 
of  one  of  the  lashes ;  this  indicates  that  suppuration  has  taken 
place,  and  that  the  abscess  will  point  externally.  Several  of 
these  styes  may  occur  at  the  same  time,  or  there  may  be  suc- 
cessive crops  of  them. 

A  hordeolum  occurring  close  to  the  inner  canthus  may 
closely  simulate  abscess  of  the  sac.  In  such  a  case  the  sac  and 
nasal  duct  should  be  syringed  with  boracic  lotion  or  water, 
through  the  lower  canaliculus.  If  the  fluid  flows  freely  into  the 
nose,  it  is  evident  that  there  is  no  obstruction  of  the  sac  or  duct. 

Treatment  must  be  constitutional  as  well  as  local.  The 
general  health  should  be  improved  by  exercise  in  the  open  air 
and  the  administration  of  good  food,  aud  tonic  medicines,  such 
as  iron  and  quinine,  or  bark  and  ammonia.  Great  benefit  is 
often  derived  from  the  internal  administration  of  small  doses  of 
sulphide  of  calcium,  a  i  or  ^  grain  in  the  form  of  a  pill  imme- 
diately after  meals  three  times  daily.  They  should  be  continued 
for  at  least  a  week  or  ten  days  after  the  disappearance  of  the 
styes.  Over-use  of  the  eyes  should  be  avoided.  Locally  the 
pain  will  be  much  relieved  by  frequent  fomentations,  or  the 
application  of  bread-and-water  poultice.  An  antiphlogistic 
lotion  should  be  prescribed  to  be  used  warm ;  and  a  pad  of 
cotton-wool  can  be  soaked  in  this  and  placed  over  the  eye  in 
the  form  of  a  compress  once  or  twice  daily.  When  pointing 
has  commenced,  the  cure  is  accelerated  and  the  pain  relieved  by 
an  incision  in  the  direction  of  the  hair-follicle. 
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Chalazion  (Meibomian  cyst,  tarsal  tumour)  is  a  small  tumour 
situated  in  the  substance  of  the  tarsus. 

(;^Vw(se.— Obstruction  of  the  excretory  duct  of  a  Meibomian 
gland,  or  a  primary  mucoid  degeneration  of  its  epithelial 
elements. 

Symptoms  and  pathology  .—The  tumour  is  more  commonly 
Situated  in  the  upper  lid  than  in  the  lower;  several  may 
occur  at  the  same  time.    They  vary  in  size,  their  diameter 
ranging  from  3mm.  to  10  mm.    Each  consists  of  a  chronic 
hyp'ertrophy  of  the  deep  portion  of  a  Meibomian  gland,  con- 
taining accumulated  secretion,  which  is  sometimes  liquid  and 
puriform,  sometimes  solid,  gelatinous,  and  homogeneous,  and 
composed  microscopically  of  numerous  nucleated  cells  under- 
going mucoid  degeneration.    The  tumour  is  generally  hard  and 
spherical,  fixed  to  the  tarsus,  but  not  to  the  skin.    On  everting 
the  eyelid,  a  bluish  discoloration  is  observed ;  this  is  due  to 
thinning  of  the  tissues  beneath,  and  corresponds  to  the  position 
of  the  tumour.    It  develops  slowly,  and  may  cause  no  incon- 
venience for  several  months  ;  but,  if  left  alone,  it  often  inflames, 
and  sometimes  suppurates,  pointing  generally  through  the  con- 
junctiva, but  occasionally  externally.    In  this  way  it  may 
finally  disappear  by  contraction.    As  a  rule,  however,  this 
spontaneous  rupture  is  followed  by  the  protrusion  of  masses  of 
granulation-tissue  on  to  the  conjunctival  surface,  which  are  apt 
to  cause  irritation,  and  may  continue  fur  months  before  disap- 
pearing.   Chalazion  is  sometimes  difScult  to  distinguish  fron 
hordeolum.    In  making  the  diagnosis,  it  must  be  borne  in  mine 
that  hordeolum  is  always  an  acute  inflammation  extending  ove. 
a  definite  time,  and  either  terminating  in  resolution  or  suppura- 
tion ;  that  it  is  always  situated  at  the  edge  of  the  eyelid  in  con- 
nection with  the  gland  of  a  hair-follicle.    Chalazion,  on  the  other 
hand,  is  a  chronic  afiection,  extending  over  months  or  years. 
It  usually  begins  and  continues  for  some  time  without  marked 
signs  of  inflammation ;  it  usually  occupies  the  surface  rather 
than  the  edge  of  the  eyelid  ;  its  presence  may  be  made  at  once 
evident  by  everting  the  lid,  when  the  conjunctiva  corresponding 
to  its  position  will  show  the  change  mentioned  above ;  and, 
finally,  it  tends  to  the  formation  of  granulation-tissue. 

Treatment. — Very  small  Meibomian  cysts,  especially  when 
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tliey  are  not  causing  inconvenience  or  disfigurement,  are  best 
left  alone.  Large  cysts  must  be  removed  by  surgical  means, 
both  on  account  of  the  deformity  they  produce  and  the  irrita- 
tion they  are  likely  to  set  up  in  the  eye  as  well  as  the  eyelid. 
When  situated  in  the  upper  lid,  this  must  be  everted,  and  a 
vertical  incision,  through  the  conjunctiva,  made  deeply  into  the 
cyst,  extending  from  behind  forwards,  by  means  of  a  pointed 
scalpel  or  Beer's  knife.  After  the  fluid  contents  have  escaped, 
the  remaining  thick  gelatinous-looking  granulation-tissue  can 
be  removed  by  a  small  scoop.  If  its  contents  are  not  thoroughly 
removed,  the  tumour  is  apt  to  recur.  The  remaining  wall  of  the 
cyst  is  sometimes  thick  at  first,  and  the  cavity  often  fills  with 
blood  immediately  after  the  operation  ;  but  the  wall  soon  shrinks, 
and  the  blood  becomes  absorbed  in  about  a  week.  When  the 
tumour  occupies  the  lower  lid  it  is  not  so  easily  removed.  In 


Fig.  2. — Griffith's  Expression  Forceps. 


this  case  it  is  well  first  to  transfix  the  cyst  by  plunging  a 
curved  needle,  supported  on  a  handle,  into  it  and  out  again  at 
the  distance  of  a  few  millimetres,  so  as  to  be  able  to  hold  the  lid 
everted  whilst  the  incision  is  made.  Another  method  of  con- 
trolling the  lower  lid  is  to  hold  it  between  the  blades  of  a  pair 
of  forceps  made  for  the  purpose  (fig.  2),  and  incise  the  conjunc- 
tival aspect  of  the  cyst  throiigh  the  fenestration.  The  surgeon, 
in  this  instance,  stands  in  front  of  his  patient,  and,  holding  the 
forceps  with  the  left  hand,  incises  the  cyst  with  the  right.  By 
the  firm  closure  of  the  forceps  the  contents  may  be  expressed. 

Translucent  Marginal  Cysts  are  occasionally  seen  on  the 
margin  of  the  lid  near  the  inner  canthus,  caused  by  the  blocking 
of  one  of  the  ducts  of  the  glands  of  Moll ;  the  gland  becomes 
distended  with  retained  watery  secretion.  They  are  readily 
cured  by  the  removal  of  their  anteiior  wall. 
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DERMOID  CYST.  H 

Dermoid  Cyst  is  congenital,  and  contains  epithelial  structures. 

Symptoms  and  pathology.— It  is  a  painless,  uninflamed, 
spheroidal  mass,  situated  generally  at  the  outer  angle  of  the 
orbit,  on  a  level  with  the  outer  end  of  the  eyebrow.  Less  fre- 
<iuently  it  occurs  at  the  inner  angle  above,  and  is  then  to  be 
approached  with  caution,  as  this  is  sometimes  the  position  of 
meningocele,  which  is  a  congenital  affection,  having  the  same 
relation  to  the  cranium  and  brain  which  spina  bifida  has  to  the 
spinal  column  and  cord,  i.e.  incomplete  development  of  the 


Fig.  3. — Section  of  the  Wall  of  a  TJermoid  Cyst.    (Photomicrograph  x  112.) 

H,  hair  with  its  follicle  aud  sebaceous  glantl  ;  c,  cavity  of  cyst ;  D,  desquamating 
epithelium ;  e,  epidermis ;  s,  sebaceous  glaud ;  hp,  hair-follicle  cut  transversely. 

bone,  with  protrusion  of  the  dura  mater  in  the  form  of  a  sac 
•containing  fluid.  The  meningocele  can  usually  be  emptied 
on  pressure ;  it  also  has  a  slight  impulse,  and  is  less  movable. 
A  dermoid  cyst  cannot  be  emptied ;  it  is  more  or  less  movable ; 
it  is  non-adherent  to  the  skin ;  sometimes  it  is  hard,  sometimes 
semifluctuant  on  pressure.  It  is  found  beneath  the  orbicularis 
muscle,  and  is  often  firmly  attached  to  the  periosteum ;  some- 
times it  extends  deeply  into  the  orbit. 

On  miaroscopia  examination  its  wall  is  seen  to  resemble  the 
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skin  and  its  appendages,  such  as  epidermal  epithelium,  hair- 
tulhcles  with  their  sebaceous  glands  and  condensed  connective 
tissue,  which  forms  the  outer  part  of  the  wall  and  blends  with 
the  surrounding  tissue,  in  which  it  is  embedded  (see  fig.  3). 
The  contents  appear  similar  to  sebaceous  secretion,  in  which 
hairs,  cholesterin  crystals,  and  epithelial  cells  are  found  micro- 
scopically. It  develops  slowly,  but  is  usually  seen  during 
childhood.  It  causes  but  little  inconvenience  beyond  the  de- 
formity. 

The  treatment  consists  in  early  excision.  A  good  large  inci- 
sion must  be  made  over  the  tumour,  which  should  then  be  well 
cleared  from  the  surrounding  tissues.  This  should  if  possible 
be  done  without  rupturing  the  tumour,  otherwise  the  white- 
sebaceous  contents  immediately  escape,  and  the  thin  walls  are- 
afterwards  difficult  to  find. 

Nsevi  occur  in  the  eyelids.  They  are  similar  in  appearance 
and  structure  to  those  of  other  parts.  Like  dermoid  cysts,  they 
occasionally  extend  into  the  orbital  cavity. 

Treatment  is  the  same  here  as  in  other  parts,  but  preference 
should  be  given  to  those  methods  by  which  the  destruction  of  the 
surrounding  healthy  tissues  can  be  reduced  to  a  minimum,  on 
account  of  the  deformity  pi-oduced  by  subsequent  cicatrisation.. 
For  this  purpose  I  have  found  the  galvano-puncture  (electrolysis) 
and  the  galvanic  cautery  equally  valuable. 

Xanthelasma  (vitiligo)  is  characterised  by  the  presence  of 
yellowish  patches,  or  nodosities,  in  the  skin  of  the  eyelids.  The 
upper  lid  is  most  frequently  attacked,  but  both  may  be  simultane- 
ously affected.  The  patches  first  appear  near  the  inner  angle,  and 
spread  outwards  parallel  to  the  edges  of  the  lids,  being  always 
elongated  in  form.  They  occur  most  frequently  in  women  of 
middle  age.  The  condition  is  due  to  proliferation  of  certain 
granular  cells,  some  of  which  are  pigmented,  which  appear  nor- 
mally in  the  deep  parts  of  the  skin  of  the  eyelid  ;  besides  this, 
the  sebaceous  glands  of  the  part  are  hypertrophied,  and  a  cyst 
may  form  at  the  site  of  this  new  formation.  Their  presence  causes 
no  pain  or  inconvenience  ;  but  when  numerous  and  of  consider- 
able size  they  are  cosmetically  objectionable,  and  the  patient  may 
desire  to  have  them  removed.  This  can  be  easily  done  by  raisings 
them  with  forceps  and  using  a  pair  of  curved  scissors.  Sutures- 
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iire  not  generally  required,  and  no  scar  is  perceptible  after  the 
•operation. 

Epithelioma  (rodent  ulcer,  rodent  cancer,  flat  epithelial  cancer, 
■cancroid)  is  the  most  frequent  of  malignant  growths  affecting  the 
eyelid. 

Symptoms  and  jJatJiology. — It  seldom  appears  before  the  age 
of  forty.  It  most  commonly  attacks  the  skin  at  the  inner  angle 
of  the  lower  lid  just  below  its  free  edge,  but  it  may  occur  in  other 
parts  of  the  eyelids.  It  first  appears  as  one  or  more  small  hard 
nodules,  which  the  patient  describes  as  a  '  pimple  ; '  this  sooner 
or  later  becomes  covered  with  a  yellowish  incrustation,  beneath 
which  the  skin  is  found  to  be  excoriated.  At  this  stage  it  causes 
but  little  inconvenience  ;  the  patient  is  in  the  habit  of  wiping 
away  the  scab  from  time  to  time,  but  finding  that  it  does  not 
heal,  he  presents  himself  to  the  surgeon,  and  it  is  at  this  period 
of  the  disease  that  we  generally  see  it.  It  now  presents  a  brown- 
ish exudation,  which  is  hard  and  dry,  and  consists  of  inspissated 
sanio-purulent  matter  ;  beneath  this  is  an  ulcerated  surface,  which 
at  first  may  be  little  more  than  an  excoriation,  and  may  a^opear 
to  heal  up  for  a  time,  but  soon  breaks  out  again,  and  becomes 
deeper,  with  hard,  nodulated,  everted  edges  and  purulent  dis- 
charge. It  may  remain  indolent,  or  only  occasionally  irritable,  for 
months  and  even  years,  without  making  visible  progress  either 
in  surface  or  depth ;  but  sooner  or  later  it  will  take  on  a  rapid 
action,  destroying  not  only  the  skin,  but  the  deeper  parts  of  the 
eyelids,  the  connective  tissues  of  the  orbit,  the  cornea  and  globe 
of  the  eye,  and  finally  the  bones  of  the  face.  This  disease  is  called 
rodent  ulcer  by  many  English  writers,  and  is  regarded  by  them  as 
the  mildest  expression  of  a  malignant  disease — chiefly  because  of 
the  long  indolent  stage,  during  which  there  is  no  pain  and  no  infil- 
tration of  the  neighbouring  lynijihatic  glands ;  but  as  soon  as  the 
active  stage  has  commenced,  and  the  deeper  tissues  have  become 
affected,  the  pain  grows  intense,  the  lymphatics  in  the  neighbour- 
hood of  the  parotid  gland  are  affected,  and  the  destruction  of 
tissue  is  so  rapid  that  the  term  '  mildness '  is  no  longer  applic- 
able. 

Microscopy.— If  the  tumour  be  immersed  in  spirit  until  it  is 
sufficiently  hard  for  section,  and  then  cut  vertically  just  at  the 
junction  of  the  tumour  with  the  healthy  skin,  and  stained  with 
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logwood,  it  will  in  many  cases  be  found  to  consist  of  ingrowths 
of  epithelial  cells ;  these  are  very  abundant,  and  in  the  deeper 
layers  typical  '  nests  '  composed  of  concentric  rings  of  flattened 
cells  may  often  be  seen — such  an  appearance,  in  fact,  as  is  repre- 
sented in  fig.  4.  Another  form  of  new-growth  occurring  in  th& 
eyelids  with  similar  clinical  features  has,  microscopically,  the 
appearance  of  a  malignant  growth  of  the  Meibomian  gland,  re- 
sembling sciri'hus  or  alveolar  cancer.  There  is,  at  first,  very  little 
disturbance  on  the  sui'face  epithelium,  which,  however,  in  th& 


yiG.  4, — An  Epithelioma  :  a 'cell-nest.'    (Photomicrograph  x  300.) 

later  stages  participates  in  this  malign  activity.  The  glandular 
cells  are  arranged  in  irregular,  intercommunicating  alveolar 
spaces  of  fibrous  tissue.  Near  the  growing  margin  these  alveolar 
spaces  are  arranged  concentrically  with  the  Meibomian  duct. 

The  diagnosis  of  epitheliouia  from  tertiary  syphilitic  ulcer  is 
sometimes  difficult.  As  a  rule,  however,  the  age  and  history  of 
the  patient,  the  presence  of  collateral  evidence  of  sypliilis,  and, 
locally,  the  sharply  defined  edges  of  the  ulcer,  the  duration  of 
its  existence,  and  its  rapid  subsidence  under  antisyphilitic  reme- 
dies, easily  clear  up  the  diagnosis. 

The  treatment  consists  in  the  effectual  removal  of  all  the 
diseased  tissue.    This  may  be  done  in  various  ways,  either  by 
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the  knife,  the  thermcal  cautery,  or  by  scraping  with  a  steel 
scoop. 

Patients  are  often  very  reluctant  to  submit  to  operative 
interference,  and  will  sometimes  allow  the  disease  to  advance 
until  it  is  too  late  to  afford  relief.  They  should  be  warned  of 
the  great  danger  of  such  neglect.  In  severe  cases  it  is  well  to 
apply  chloride  of  zinc  paste  (F.  6)  to  the  surface  of  the  wound 
after  removal.  Even  in  those  cases  where  the  disease  has  been 
allowed  to  proceed  beyond  hope  of  permanent  recovery,  the 
removal  of  the  diseased  tissues  by  the  knife  or  thermal  cautery, 
and  the  subsequent  application  of  chloride  of  zinc  paste  to  the 
surfaces  of  the  wound,  appear  to  afford  great  relief  from  pain, 
and  even  to  check  the  progress  of  the  disease. 

Papillomata  (warts)  are  occasionally  found  on  the  edge  of 
the  eyelid,  and  upon  the  conjunctiva.  They  should  be  snipped 
off  with  curved  scissors,  care  being  taken  to  cut  well  below  their 
bases.  Horny  growths  are  also  sometimes  seen,  and  should  be 
treated  in  a  similar  manner. 

Molluscum  contagiosum  is  an  epithelial  affection  of  the 
eyelids  and  face,  which  occurs  either  alone  or  in  conjunction 
with  other  parts  of  the  integument. 

Clinical  and  'pathological  features. — One,  two,  or  more  hemi- 
spherical umbilicated  prominences  of  a  white  waxy  appearance 
present  themselves  on  one  or  both  eyelids  of  a  child.  They 
vary  in  size  from  a  pin's  head  to  a  large-sized  pea.  No  pain  nor 
inflammation  as  a  rule  attends  them.  They  take  months  in 
growing  to  any  appreciable  size,  and  occasionally  inflame  and 
necrose  ;  extrusion  with  a  spontaneous  cure  is  the  result.  Their 
histological  characters  are  essentially  epithelial.  Thev  consist 
of  numerous  follicles  closely  packed  together,  which  open  chiefly 
at  the  central  unibilication.  The  base  is  lobulated,  and  situated 
1  ram.  or  2  mm.  below  the  level  of  the  corium.  The  skin  over 
the  larger  growths  is  stretched  and  devoid  of  papilla.  Each 
follicle  has  a  basement  membrane  which  supports  a  single 
layer  of  columnar  cells  ;  then  two  or  three  rows  of  polygonal 
cells,  a  row  of  granular  cells  resembling  the  stratum  granulosum 
of  the  cuticle ;  lastly,  and  most  internally,  one,  two,  or  more  rows 
of  clear  spheroidal  cells,  called  '  molluscum  corpuscles,'  which 
stain  yellow  with  picro-carmine. 
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The  peculiar  character  of  these  several  epithelial  layers 
suggests  the  growth  being  epidermal,  as  if  Nature  had 
attempted  to  form  a  sebaceous  gland  by  the  usual  ingrowth  of 
the  epiblastic  cells,  which,  however,  refused  the  customary 
glandular  transformation  and  became  pathological  epidermal 
new-growths.  The  scanty  supply  of  blood-vessels  between  the 
follicles  explains  the  reason  of  occasional  necrosis  of  the  tumours 
from  self-strangulation.  The  prominence  is  caused  by  the  re- 
sistance of  the  subjacent  tissues. 

Treatment. — Each  tumour  must  be  transfixed  through  its 
base  with  a  small  scalpel,  and  divided  ;  its  contents  can  then  be 
■evacuated  either  by  squeezing  between  the  thumb-nails  or  with 
forceps. 

Sarcoma  may  present  itself  as  a  primary  new-growth  in  either 
eyelid.  It  is  a  rare  affection,  seen  in  children  or  young  adults. 
It  usually  takes  the  form  of  a  round-  or  spindle-celled  growth. 
Free  removal  is  the  only  treatment  likely  to  be  attended  with 
success. 

Lipoma,  Fibro-adenoma,  and  Fibroma  of  the  eyelid  are  very 
rare.  They  present  the  same  characters  here  as  in  other 
regions. 

Indurated  Chancre  sometimes  occurs  on  the  eyelids,  usually 
a,t  the  inner  canthus.  It  is  accotnpanied  by  much  swelling. 
The  glands  of  the  parotid  region  become  enlarged  and  in- 
durated. 

Gummata  occasionally  occur  in  the  eyelids,  their  seat  of 
election  being  usually  at  the  outer  part  of  the  upper  lid.  The 
induration  is  sometimes  accompanied  by  swelling  of  the  surround- 
ing tissues  of  the  lid,  and  more  or  less  redness.  They  are 
accompanied  by  other  symptoms  of  syphilis. 

Tertiary  SjrpMlitic  Ulcers  also  occur  on  the  eyelids.  When 
more  than  one  ulcer  is  present  they  are  easily  recognised,  but 
when  occurring  singly,  with  indurated  edges  and  of  slow  increase, 
they  are  frequently  difficult  to  distinguish  from  epithelioma 
(see  p.  14). 

Blepharospasm  is  an  involuntary  closure  of  the  eyelids  owing 
to  spasm  of  the  orbicular  muscle.  It  may  occur  as  a  symptom 
of  some  other  eye-affection,  or  it  may  exist  by  itself. 

Symptomatic  Uepharospasm  is   likely  to   accompany  any 
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irritative  affection  of  the  eye  such  as  the  presence  of  a  foreign 
body  in  the  palpebral  sac,  abrasion  or  ulcer  of  the  cornea, 
inversion  of  the  eyelashes,  and  the  various  forms  of  conjunctival 
inflammation.  The  severity  of  the  spasm  is  not,  however, 
always  in  proportion  to  the  severity  of  the  affection  which  it 
may  accompany.  It  is  frequently  intensified  by  any  attempt  to 
examine  the  cornea  by  separating  the  eyelids  in  a  bright  light. 
One  of  the  most  acute  and  obstinate  forms  is  that  which  often 
^attends  catarrhal  ophthalmia  in  strumous  children.  Such  cases 
frequently  present  no  other  physical  sign  beyond  that  of  simple 
conjunctivitis ;  the  cornea  is,  to  all  appearances,  quite  clear,  and 
shows  no  sign  of  having  lost  its  epithelium,  although  the  prob- 
ability is  that  such  loss  has  taken  place.  These  poor  little 
sufferers  are  quite  unable  to  open  their  eyes  in  any  but  the 
darkest  room,  and  will  skulk  away  into  shaded  corners  all  day 
long  in  order  to  avoid  the  light. 

The  treatment  of  symptomatic  blepharospasm  consists  in 
removing  as  far  as  possible  the  affection  of  the  eye  which  causes 
it.  In  order  to  render  examination  of  the  cornea  and  palpebral 
sac  more  easy,  a  4  per  cent,  solution  of  cocaine  hydrochlorate 
should  first  be  dropped  into  the  palpebral  sac  every  few  minutes. 
This  drug  is  very  efiicient  in  overcoming  the  spasm,  and  thus 
faciKtates  the  opening  and  eversion  of  the  eyelids.  If  cocaine 
does  not  sufiice  for  this  purpose  a  general  angesthetic  should  be 
employed. 

The  chief  forms  of  blepharospasm  which  are  not  accompanied 
by  other  eye-affection  are  the  hysterical  and  the  convulsive. 

Hysterical  hlepharospasm  - —In  young  hysterical  subjects  it  is 
not  uncommon  to  find  one  or  even  both  eyes  suddenly  closed, 
whilst  the  patient  declares  she  is  quite  unable  to  open  them. 
The  affection  can  be  diagnosed  from  ptosis  by  the  fact  that,  in 
ptosis,  when  the  upper  lid  is  gently  raised  by  the  finger  there 
is  no  resistance,  whilst  in  hysterical  blepharospasm  this  act  ia 
resisted  by  spasm  of  the  orbicularis.  These  cases  get  well  of 
themselves  after  varied  intervals  of  weeks  or  months. 

Convulsive  tic  usually  attacks  one  eye  only.  It  consists  of 
a  series  of  spasms  of  the  orbicular  muscle,  which  vary  in  severity 
and  in  duration.  The  eyelids  are  observed  to  twitch,  at  first 
slightly,  and  then,  after  a  few  seconds,  more  severely,  until  the 
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lids  are  finally  closed  and  tlie  patient  quite  unable  to  open  them 
perhaps  for  several  minutes.  In  severe  cases  the  spasmodic- 
twitching  extends  to  the  entire  side  of  the  face.  The  attacks 
appear  to  be  accelerated  by  any  excitement,  such  as  the  presence- 
of  a  stranger,  or  the  crossing  of  a  crowded  thoroughfare.  The- 
cause  of  these  nictitations  is  unknown,  and  their  treatment  has 
not  hitherto  been  attended  with  much  satisfaction. 

Paralysis  of  the  Orbicularis  Palpebrarum  is  characterised' 
by  inability  to  close  the  affected  eyelids  (lagophthalmos) ;  it  is- 
usually  associated  with  other  signs  of  paralysis  of  the  facial 
nerve,  which  supplies  this  muscle.  In  recent  cases  no  marked 
changes  can  be  perceived  in  the  affected  eye,  but  in  those  of 
long  standing  the  eye  exhibits  signs  of  disturbance  resulting 
from  exposure.  The  lower  part  of  the  cornea,  which,  during 
sleep,  is  incompletely  covered  by  the  lower  lid,  becomes  dry  and' 
cloudy.  The  lower  lid  falls  away  from  the  globe  and  forms  a 
kind  of  ectropium  ;  and  the  lower  punctum  lachrymale,  being- 
thus  everted,  causes  a  disturbance  in  the  flow  of  the  tears.  In 
slight  cases  this  lachr^^mation  is  almost  the  only  trouble  com- 
plained of  by  the  patient.  This  paralysis  of  the  facial  nerve- 
may  be  due  to  a  nuclear  lesion,  or,  as  is  mostly  the  case,  the 
lesion  may  be  situated  somewhere  in  the  course  of  the  nerve- 
outside  the  skull,  in  the  middle  ear,  in  the  parotid  region,  or  in 
its  terminal  branches.  Paralysis  of  the  sixth  nerve  on  the  same 
side,  with  crossed  hemiplegia,  is  often  associated  with  nuclear- 
lesions  of  the  facial  (see  chapter  on  Paralyses).  The  most  fre- 
quently occurring  form  of  facial  paralysis  is  that  which  is  due  to- 
neuritis  ;  it  is  sometimes  termed  '  rheumatic'  It  often  follows- 
exposure  of  the  face  to  severe  or  prolonged  cold,  as  in  driving  in 
a  cold  wind  or  sleeping  in  a  draught  of  cold  air.  The  prognosis  in 
such  cases  is  usually  good,  although  it  may  require  some  weeks  or 
even  months  to  effect  a  cure.  Daily  massage,  fomentations,  and 
the  use  of  the  constant  and  induced  electrical  cui'rents  are  the 
chief  points  of  treatment.  During  the  treatment  the  eye  should  be 
kept  closed  at  night  by  a  light  bandage.  In  incurable  cases  the- 
exposure  of  the  eye  by  ectropion  may  be  modified  by  the  oper- 
ation of  tarsorrhaphy,  in  which  the  edges  of  the  lids  are  pared' 
near  the  outer  canthus  and  then  made  to  unite  by  sutures. 

Ptosis  presents  itself  in  all  stages,  varying  from  a  slight 
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drooping  to  a  complete  falling  of  the  upper  eyelid.  In  slight 
degrees  the  lid  only  covers  a  little  more  of  the  corneal  surface 
than  it  ought  to  do  ;  but  on  telling  the  patient  to  look  upwards 
it  will  be  found  that  the  lid  does  not  move  with  the  globe,  but 
allows  the  cornea  to  glide  beneath  it.  The  patient  will  now  be 
observed  to  wrinkle  the  forehead  in  order  to  bring  the  fibres  of 
the  occipito-frontalis  muscle  into  play,  and  so  to  further  elevate 
the  lid.  In  severe  cases  the  whole  cornea  is  covered  by  the 
drooping  lid,  and  the  patient  can  only  see  by  lifting  the  lid  with 
his  finger. 

Ptosis  may  be  hysterical,  congenital,  or  paralytic. 

Hysterical  ptosis  is  practically  identical  with  hysterical  ble- 
pharospasm (p.  17),  and  requires  no  further  description. 

Congenital  ptosis  is  the  result  of  insufficient  development,  or 
even  complete  absence  of  the  levator  palpebrre  muscle.  It  is 
generally  bilateral  and  partial,  and  is  sometimes  transmitted  by 
heredity  through  several  generations.  It  is  frequently  asso- 
ciated with  other  congenital  anomalies,  one  of  which  is  the 
absence  or  defective  development  of  the  superior  recti  muscles. 
When  both  sides  are  affected,  the  patient  cannot  see  well  in 
front  of  him  without  throwing  the  head  backwards  and  wrinkling 
the  forehead. 

Paralytic  ptosis  is  the  result  of  paralysis  or  injury  of  the 
branch  of  the  third  nerve  supplying  the  levator  palpebras 
muscle.  When  resulting  from  disease,  it  must  be  treated  in  the 
same  way  as  other  forms  of  paralysis  of  the  third  nerve,  viz.  by 
the  internal  administration  of  iodide  of  potassium,  the  use  of  the 
galvanic  and  faradic  currents,  and  massage.  The  result  of  such 
treatment  is  often  very  satisfactory,  the  ptosis  entirely  disap- 
pearing, together  with  such  other  symptoms  of  third-nerve 
paralysis  as  may  accompany  it.  In  any  case,  the  therapeutic 
treatment  should  be  steadily  persevered  with  for  many  months 
unless  a  cure  has  been  previously  effected. 

Slirjht  ptosis  is  sometimes  caused  by  paralysis  of  Miiller's 
muscle.  This  is  accompanied  by  contraction  of  the  pupil, 
diminished  intra-ocular  tension,  enlarged  retinal  veins,  and 
hypersecretion  of  the  conjunctiva  on  the  affected  side.  It  is 
symptomatic  of  disease  of  the  cervical  sympathetic,  and  may 
have  been  caused  by  surgical  operation  in  the  parotid  region. 
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Operative  treatment  of  ptosis. — In  no  case  should  operative 
measures  be  resorted  to  until  a  considerable  period  of  time  has 
elapsed  after  therapeutic  treatment  has  failed  to  make  any 
improvement.  It  is  necessary  also,  before  operating  for  ptosis, 
to  make  sure  that  there  is  no  paralysis  of  the  extra-ocular  muscles 
of  the  eye,  otherwise  the  restoration  of  the  use  of  the  eyelid 
might  be  attended  with  troublesome  diplopia. 

1.  In  cases  where  the  ptosis  is  only  slight,  and  where  there 
is  evidently  some  remaining  power  in  the  levator  muscle,  the 

method  of  von  Graefe  may  be  em- 
ployed with  advantage.  This  con- 
sists in  removing  an  elliptical  portion 
of  the  skin  and  the  orbicular  muscle 
from  the  upper  lid  at  a  distance  of 
5  mm.  from  its  ciliary  border,  and 
extending  from  one  end  of  the  lid 
to  the  other.  If  the  skin  is  abun- 
dant, a  wide  strip  of  this  should  be 
i-emoved ;  if  scanty,  a  narrow  strip 
will  suffice.  Care  must  be  taken 
not  to  remove  so  much  as  to  prevent 
closure  of  the  eye  during  sleep.  The 
edges  of  the  muscle  must  first  be 
brought  together  by  fine  catgut 
sutures,  then  the  edges  of  the  skin- 
wound. 

The  aim  of  the  operation  is  to 
assist  the  levator  palpebrEe — firstly,  by  weakening  the  orbicular 
muscle,  which  is  its  antagonist,  and,  secondly,  by  shortening 
the  eyelid. 

2.  In  congenital  and  other  cases  where  the  levator  has  little 
or  no  action,  an  attempt  must  be  made  to  establish  connection 
laetween  the  lid  and  the  occipito-frontalis  muscle.  The  best 
methods  of  effecting  this  are  those  of  H.  Pagenstecher  and  Panas. 

Pacjenstecher's  operation  for  partial  ptosis  is  performed  as 
follows :  A  strong  thread  is  armed  with  a  needle  at  each  end. 
One  needle  is  then  introduced  beneath  the  skin  of  the  upper  lid 
parallel  to  and  near  its  ciliary  border  for  about  1  mm.  or  2  mm. 
At  the  point  of  exit  the  same  needle  is  again  introduced  and 


Fig.  5. — Partial  Congenital 
Ptosis. 
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carried  beneath  the  skin,  but  over  the  tarsus,  and  again  brought 
out  about  2  cm.  above  the  supraciliary  arch,  and  2  mm.  external 
to  its  middle  line.  The  second  needle  is  then  introduced  at  the 
point  of  entry  of  the  first  needle,  directed  upwards,  and  brought 
out  at  the  same  point  of  exit  above  the  supraciliary  arch.  The 
two  threads  are  then  tied  together  and  moderately  tightened, 
thus  forming  a  subcutaneous  ligature,  which  must  be  left  a 
longer  or  shorter  time,  and  in  severe  cases  may  be  allowed  to 
entirely  cut  its  way  out.  By  this  means  a  subcutaneous 
cicatricial  band  is  produced,  which  will  transmit  the  action  of 
the  occipito-frontalis  to  the  upper  lid. 

For  complete  ptosis. — A  needle  armed  with  a  thick  thread  is 
introduced  beneath  the  skin  about  2  cm.  above  the  supraciliary 
edge,  and  2  mm.  to  the  outer  side  of  its  middle  line.  It  is  then 
ffuided  downwards  and  inwards  beneath  the  skin,  and  brought 
out  about  the  middle  of  the  upper  lid  close  to  its  ciliary  margin. 
The  ends  of  the  thread  are  then  tied  in  a  knot,  and  moderate 
tension  is  made.  The  tension  is  gradually  increased  day  by 
day,  so  as  to  make  it  cut  its  way  through  the  skin,  by  drawing- 
it  tighter.  The  inflammatory  symptoms  are  comparatively 
slight.  The  scar  is  not  extensive.  One  ligature  generally 
suffices,  but  two  may  be  required. 

Panels'  operation  consists  in  dissecting  and  gliding  a  i3ap  of 
skin  from  the  upper  lid  beneath  the  skin  of  the  eyebrow,  and 
causing  it  to  unite  with  the  skin  of  the  forehead  immediately 
over  the  fibres  of  the  occipito-frontalis  muscle.  It  is  performed 
as  follows  :  An  incision  rather  more  than  an  inch  in  length  is 
made  along  the  upper  edge  of  the  eyebrow,  so  deep  as  to  expose 
the  periosteum  without  wounding  it.  A  second  incision  is  then 
made  about  an  inch  in  length  along  the  fold  separating  the  eye- 
lid from  the  eyebrow  (see  fig.  6)  just  above  the  margin  of  the 
orbit ;  this  must  also  be  made  to  divide  the  orbicularis  muscle 
and  to  expose  the  periosteum.  Care  must  be  taken  not  to  cut 
below  the  margin  of  the  orbit,  otherwise  the  suspensory  liga- 
ment of  the  lid  will  be  divided.  The  bridge  formed  by  these 
two  incisions  must  now  be  undermined  with  a  steel  director. 
This  being  done,  a  curved  incision  is'  made  extending  to  within 
a  few  millimetres  of  each  canthus,  as  shown  in  fig.  6,  dividing 
the  orbicularis  and  exposing  the  tarsus.    The  flap  thus  marked. 
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is  then  dissected  carefully  away  from  the  tarsus  down  to  its 
•ciliary  border. 

Fine  catgut  sutures,  armed  with  a  small  needle  at  each  end, 
are  now  introduced  into  the  flap,  and  their  proximal  extremities 
are  passed  beneath  the  bridge  of  skin  and  eyebrow  and  through 
the  skin  at  the  upper  edge  of  the  wound  above  the  brow ;  their 
distal  ends  are  then  also  passed  beneath  the  same  archway. 
Now,  by  making  slight  tension  upon  the  lid-flap  by  means  of 
the  sutures  and  by  manipulation,  the  upper  part  of  the  lid-flap 
can  be  brought  into  apposition  with  the  upper  edge  of  the 


Fig.  6.— Panas'  Operation.  FlG.  7.— Panas'  Operation  (after). 


«  ((',  central  sutures  ;  6  V,  lateral  sutures. 

frontal  wound  and  secured  in  that  position  by  tying  the  sutures 
(see  fig.  7).  This  operation  produces  excellent  results,  whilst 
the  deformity  is  very  slight. 

Uversbusch's  oijeration  is  sometimes  employed  when  there  is 
some  remaining  power  in  the  levator  palpebr^.  It  consists  in 
the  advancement  of  the  tendinous  attachment  of  the  muscle  on 
to  the  anterior  surface  of  the  tarsus,  and  is  most  useful  in  cases 
of  partial  congenital  ptosis. 

The  following  are  the  chief  points  of  the  operation:  A 
transverse  incision  is  made  through  the  skin  and  orbicular 
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muscle  of  the  lid,  parallel  to  its  ciliary  margin,  and  midway 
between  the  latter  and  the  brow.  The  tendinous  insertion  of 
the  levator  palpebree  muscle  is  exposed.  Through  its  centre, 
and  as  high  up  as  possible,  a  suture,  armed  with  a  curved  needle 
at  each  end,  is  passed  so  as  to  take  up  some  of  its  fibres ;  both 
needles  are  then  passed  downwards  beneath  the  skin  and  orbi- 
cular muscle  to  the  ciliary  margin,  and  the  suture  is  tied  tightly 
over  a  glass  bead  internal  to  the  eyelashes.  Two  other  lateral 
sutures  are  used  in  a  similar  way.  The  use  of  the  beads  is 
obviously  to  prevent  the  sutures  from  cutting  into  and  damaging 
the  margin  of  the  lid.  The  eyes  should  be  bandaged  for  at  least 
a  week,  at  the  end  of  which  time  the  sutures  may  be  removed 
and  the  dressings  abandoned. 

Trichiasis,  Distichiasis,  and  Entropion  are  all  modifications 
of  the  same  afiection  of  the  eyelids.  In  trichiasis  the  eyelashes 
are  inverted  so  as  to  rub  against  the  surface  of  the  globe  ;  the 
number  of  the  lashes  which  are  thus  turned  in  varies  from  one, 
two,  or  three  to  the  whole  number.  In  distichiasis  there  appear 
to  be  supplementary  rows  of  cilia  developed,  which  are  incurved. 
It  may  be  congenital  or  acquired ;  if  the  latter,  it  is  generally 
attended  with  more  or  less  thickening  of  the  free  edge  of  the 
eyelid.  In  entropion  there  is  inversion  of  the  lid  as  well  as  of 
the  cilia.  The  amount  of  inversion  varies  from  a  slight  incur- 
vation to  complete  reduplication,  so  that  the  cilia  are  in  contact 
with  the  upper  cul-de-sac.  Entropion  may  be  acute  (spasmodic) 
or  chronic.  The  acute  form  is  common  in  the  lower  lid  in  old 
people  after  an  operation  on  the  eye.  The  chronic  is  usually 
due  to  cicatrisation  of  the  inner  surface  of  the  upper  lid. 

Causes. — The  most  common  cause  of  all  these  afiections  is 
chronic  granular  conjunctivitis,  which,  having  been  imperfectly 
cured,  has  been  followed  by  contraction  of  the  conjunctival 
surface  of  the  lid.  Sometimes  they  are  due  to  contraction  of 
the  sphincter  orbicularis.  They  may  be  the  result  of  injuries 
of  the  conjunctiva,  lacerations,  burns,  &c. 

Treatment. — For  trichiasis :  When  the  number  of  incurved 
cilia  is  small  they  may  be  removed  by  epilation  forceps.  Each 
lash  should  be  firmly  seized  close  to  its  base  and  pulled  out 
steadily.  They  will  probably  recur  after  a  few  weeks,  and  may 
Oe  subjected  to  the  same  treatment.     In  case  of  a  third  or 
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fourth  recurrence,  some  method  of  destroying  the  incurved  lashes 
should  be  adopted.  Various  methods  are  employed  for  this 
purpose. 

(1)  The  galvano-puncture  has  been  successfully  used  in 
destroying  abei-rant  lashes  of  this  description  by  Dr.  Benson  of 
Dublin.  One  pole  of  a  constant-current  battery  is  applied  to 
the  temple  on  the  side  of  the  affected  eye,  the  other  pole  is 
attached  by  an  insulated  handle  to  a  sharp  sewing-needle.  The 
eyelid  is  fixed  by  means  of  a  Snellen's  clamp  so  as  to  expose  the 
incurved  lashes.  The  needle  is  now  pushed  well  down  to  the 
root  of  each  offending  cilium.  Immediately  after  plunging  the 
needle  into  the  tissue  a  bubbling  of  gas  will  be  observed,  and 
the  lash  will  become  loosened  so  that  it  can  be  pulled  out  with- 
out any  difficulty.  The  process  is  a  very  painful  one,  and  the 
simple  instillation  of  cocaine  into  the  palpebral  sac  does  not 
suffice  to  prevent  suffering.     Either  cocaine  must  be  injected 

subcutaneously  into  the  affected 
area  or  a  general  ansesthetic  used. 

(2)  In  more  severe  cases  of 
trichiasis,  the  whole  ciliary  margin 
of  the  eyelid  should  be  shifted 
away  from  the  cornea. 

Arlt's  method  of  doing  this  is 
as  follows  :  A  small  double-edged 
straight  knife  is  inserted  at  one  or 
other  end  of  the  eyelid  between 
the  cilia  and  the  Meibomian 
ducts,  and  its  point  is  made  to 
come  out  thi'ough  the  skin  about 
2  mm.  above  the  lashes.  It  is 
then  made  to  cut  its  way  along 
the  whole  length  of  the  edge  of  the  lid  (see  fig.  8),  and  thus 
forms  a  bridge  of  tissue  containing  the  lashes  only.  A  second 
incision  is  now  made  from  the  two  extremities  of  the  first, 
curving  upwards  to  the  extent  of  3  mm.  or  4  mm.  This  forms 
a  semilunar  flap  on  the  upper  lid  which  must  be  dissected 
off.  The  bridge  of  skin  containing  the  cilia  has  now  to  be 
shifted  upwards,  and  its  upper  edge  attached  by  sutures  to  the 


Fig.  8. 
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skin  of  the  lid,  its  lower  edge  being  left  free.  Simple  water- 
dressing  is  all  that  is  necessary. 

Another  method  of  dealing  with  extensive  trichiasis  is  that 
of  scalping.  The  whole  ciliary  margin  of  the  lid  is  dissected 
away.    The  practice  is  becoming  obsolete. 

Entropion,  (1)  Wien  spasmodic,  is  generally  relieved  by  ex- 
cising a  strip  of  the  skin  and  orbicularis  muscle  from  the  whole 
length  of  the  lid,  parallel  to  its  margin.  The  width  of  the  flap 
to  be  removed  must  vary  according  to  the  laxity  of  the  tissue, 
which  is  generally  great  in  these  cases.  The  edges  of  the  wound 
are  united  by  sutures,  and  water-dressing  applied. 

(2)  JMien  chronic,  it  may  be  treated  by  either  of  the  follow- 
ing methods  : 

A.  By  Arlt's  method  of  transplanting  the  ciliary  border,  which 
is  the  same  as  that  just  described  for  trichiasis. 


Upper  flap 

Groove  in  cartOagu 
Lower  C?p 


Figs.  9  and  10. — The  Streatfeild-Snellen  Operation  for  Entropion. 

B.  By  Streatfeild's  operation  for  '  grooving '  the  tarsus. 
This  is  best  described  in  Mr.  Streatfeild's  own  words  :  '  The  lid 
is  held  with  entropion  forceps  (fig.  11,  p.  26),  the  flat  blade 
passed  under  the  lid,  and  the  ring  fixed  upon  the  skin  so  as  to 
make  it  tense,  and  expose  the  edge  of  the  lid.  An  incision  with 
a  scalpel  is  made  of  the  desired  length,  just  through  the  skin, 
along  the  palpebral  margin,  at  a  distance  of  a  line  or  less,  so  as 
to  expose,  but  not  to  divide,  the  roots  of  the  lashes ;  and  then 
just  beyond  them  the  incision  is  continued  down  to  the  cartilage 
fthe  extremities  of  this  wound  are  inclined  towards  the  edge  of 
the  lid)  ;  a  second  incision,  farther  from  the  palpebral  margin,  is 
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made  at  once  clown  to  the  cartilage  in  a  similar  direction  to  the 
first,  and  at  a  distance  of  a  line  or  more,  and  joining  it  at  both 
extremities ;  these  two  incisions  are  then  continued  deeply  into 
the  cartilage  in  an  oblique  direction  towards  each  other.  With 
a  pair  of  forceps  the  strip  to  be  excised  is  seized,  and  detached 
with  the  scalpel,'  ^  Three  sutures  are  then  introduced  as  follows  : 
A  small  curved  needle,  armed  with  fine  silk,  is  passed  first 
through  the  lower  edge  of  the  skin-wound,  then  through  the 
upper  edge  of  the  groove  in  the  tarsus,  and  the  two  ends  tied 
tightly  together.  The  upper  edge  of  the  skin-wound  is  thus 
left  free,  and  unites  very  well  without  sutures.  This  operation 
gives  excellent  results.   It  has  been  slightly  modified  by  Snellen, 


Fig.  11. — Snellen's  Entropion  Forceps. 


who  makes  the  groove  in  the  cartilage  rather  higher  up,  and 
uses  a  different  form  of  suture.  Three  sutures  are  used  (see 
figs.  9  and  10).  A  fine  silk  suture  is  passed  through  the  upper 
edge  of  the  groove  in  the  tarsus  for  about  1  mm.  It  is  armed 
at  each  end  with  a  needle.  These  needles  are  then  passed 
through  the  lower  edge  of  the  skin-wound,  just  above  the 
cilia;  their  distance  apart  should  be  about  4  mm.  All  the 
sutures  being  similarly  introduced,  a  glass  bead  is  passed  over 
the  end  of  each,  and  they  are  all  tightened  together  by  gentle 
traction,  and  then  each  suture  tied. 

C.  By  grafting.  This  operation  was  first  demonstrated  to  me 
by  Dr.  Van  Millingen  of  Constantinople,  and  has  proved  itself 
to  be  a  most  efficient  method  of  relieving  the  cornea  from  the 
irritation  of  the  lashes  and  the  free  edge  of  the  upper  lid  in  old- 
standing  entropion.  It  consists  in  separating  the  free  edge  of 
the  tarsus  from  the  eyelashes  by  incision,  and  in  transplanting 
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a  portion  of  the  mucous  membrane  of  the  lower  lip  of  the  patient 
into  the  gap  thus  formed. 

Operation. — A  horn  spatula  is  placed  beneath  the  lid  as  far  as 
the  upper  border  of  the  tarsus,  and  is  held  in  that  position  by 
.an  assistant,  who  endeavours  to  tilt  its  upper  end  forwards  in 
such  a  manner  that  the  surgeon  can  make  tension  upon  the 
:skin  of  the  lid  by  dragging  upon  the  latter  with  the  fingers  of 
his  left  hand  whilst,  with  a  sharp  scalpel  in  his  right  hand,  he 
splits  the  lid  by  an  incision  along  its  whole  length  just  internal 
to  the  roots  of  the  lashes.  This  should  be  about  3  mm.  deep. 
'Then,  continuing  to  make  traction  with  the  fingers,  he  proceeds 
-fco  free  the  tarsus  still  further  by  a  series  of  small  cuts  until  an 
interval  of  about  5  mm.  is  produced.  This  wound  is  now 
made  to  gape  by  means  of  three  sutures,  passed  first  through 
the  skin  of  the  lid  close  to  its  ciliary  border,  and  then  just  below 
the  eyebrow  above — at  the  outer,  middle,  and  inner  portions. 
By  now  tying  up  the  sutures  pretty  tightly,  the  wound  will  be 
found  to  gape  in  such  a  way  as  to  favour  the  reception  and 
^.daptation  of  the  graft  from  the  lip.  Hfemorrhage  being  stoj)ped 
.and  the  mucous  membrane  of  the  lip  duly  washed,  the  latter  is 
made  slightly  tense  by  an  assistant,  and  a  long  narrow  strip  is 
•excised  with  scissors  and  placed  in  the  gaping  wound.  In 
•excising  the  graft,  it  must  be  remembered  that  it  will  shrink 
immediately  after  separation  from  the  lip,  and  so  should  be  made 
rather  large  and  tapering  at  each  end.  In  placing  it  in  the 
w^ound,  care  should  be  taken  to  keep  the  mucous  surface  out- 
wards so  that  the  raw  surface  can  come  into  immediate  contact 
with  that  of  the  wound  ;  whilst  its  free  edges  and  tapering 
•extremities  should  be  carefully  tucked  into  the  wound,  so  that 
the  latter  may  hold  it  in  situ.  Some  surgeons  employ  fine 
sutures  for  this  purpose.  The  surface  is  then  covered  with 
<lressing  of  iodoform  ointment,  and  bandaged.  Sutures  are 
placed  in  the  lip-wound.  The  stitches  are  removed  from  the 
upper  lid  on  the  fourth  day,  by  which  time  the  grafts  are  usually 
well  united ;  and  the  bandage  is  replaced  by  a  shade.  On  the 
hfth  or  sixth  day  the  patient  can  usually  open  the  eyes  quite 
ireely,  and  from  that  time  experiences  great  relief. 

Ectropion  is  that  condition  in  which  the  eyelid  is  everted 
■and  its  conjunctival  surface  exposed.    It  most  commonly  affects 
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the  lower  lid.  It  may  ho.  partial  or  comjjiete,  and  the  eversioii 
may  cause  displacement  of  the  lower  punctum  lachrymale, 
drawing  it  so  much  away  from  the  globe  as  to  prevent  the  tears 
from  entering  it.  The  exposed  conjunctiva  is  always  more  or 
less  thickened. 

Causes. — An  acute  form  of  ectropion,  due  to  tumefaction  of 
the  conjunctiva,  is  sometimes  met  with  in  ophthalmia  neonatorum, 
in  which  the  lids  become  everted  on  the  orbicularis  muscle  being 
called  into  action,  as  in  crying,  &c.  Chronic  forms  are  generally 
caused  by  cicatrices  of  the  skin  of  the  eyelid  or  neighbouring 
parts  following  wounds,  burns,  scalds,  abscess,  ulceration,  para- 
lysis of  the  orbicularis  palpebrarum,  &c. 

Treatment  must  vary  with  the  cause  of  the  eversion. 

1.  In  the  acute  form,  efforts  must  be  made  to  reduce  the 
inflammation  of  the  conjunctiva  by  leeches,  scarification,  com- 
presses of  lint  dipped  in  iced  water,  or  even  the  excision  of  a 
portion  of  the  mucous  membrane  with  scissors. 

2.  When  there  is  persistent  eversion  of  the  lower  punctum 
lachrymale  the  low^er  canaliculus  should  be  slit  up  and  kept  open. 

Dr.  Argyll  Robertson's  method  is  well  suited  for  cases  of 
ectropion  of  the  lower  lid  in  old  people,  in  which  the  conjunc- 
tiva is  thickened  and  the  tissues  of  the  face  lax.  Each  end  of 
a  stout  ligature,  armed  with  a  needle,  is  passed  from  without 
inwards  through  the  margin  of  the  eyelid,  the  punctures  being 
about  a  centimetre  apart.  In  this  way  a  loop  is  left  externally 
parallel  with  the  edge  of  the  lid.  Each  end  is  then  thrust 
tlu-ough  the  lower  cul-de-sac  and  made  to  emerge  upon  the 
cheek  well  below  the  eyelid. 

The  operator  now  takes  a  piece  of  sheet-lead,  shaped  and 
moulded  to  resemble  the  normal  tarsus  :  this  he  places  in  the 
conjunctival  cul-de-sac,  beneath  the  ligatures,  so  that,  on 
tightening  the  latter,  the  lid  is  moulded  to  the  lead,  and  lead 
and  eyelid  are  together  drawn  towards  the  eye.  A  stout  piece 
of  drainage-tube  is  now  placed  beneath  the  external  loop,  and 
the  ends  of  the  ligature  tied  over  it  below ;  this  prevents  the 
skin  being  cut,  and  by  its  elasticity  allows  a  certain  amount  of 
swelling  to  occur.  After  about  ten  days  the  ligatures  are  cut 
and  removed,  when  a  considerable  improvement,  and  often  a 
complete  cure,  will  be  found  to  have  been  effected. 
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3.  When  the  edge  of  the  lid  has  become  elongated  as  well 
as  everted,  Adam's  operation  may  be  performed.  This  consists 
in  removing  a  triangular  vs^edge  from  the  vphole  thickness  of  the 
lower  lid  (see  fig.  12).  The  base  of  the  triangle  must  be  at  the 
edge  of  the  lid ;  its  width  may  vary,  according  to  circumstances, 
between  5  and  10  mm.  The 
sides  of  the  triangle  should  be 
from  10  to  20  mm.  The  edges 
of  the  wound  are  biwght  to- 
gether by  a  fine  pin,  and 
secured  by  one  or  two  sutures. 
This  operation  is  often  more 
advantageously  performed  near 
the  outer  canthus. 

4.  When  the  eversion  is 
due  to  contraction  of  neigh- 
bouring cicatrices  on  the  face, 
the  nature  of  the  operation 
must  depend  upon  the  site 
and  extent  of  the  lesion,  and  much  scope  is  often  afforded  for 
the  exercise  of  ingenuity  on  the  part  of  the  surgeon. 

In  all  such  cases  no  plastic  operation  should  be  attempted 
until  the  skin  of  the  affected  part  has.  as  far  as  possible  recovered 
from  the  injury.  It  sometimes  requires  six  months  or  more  for 
the  hardness  and  thickening  of  the  skin  and  subcutaneous  tissue 
to  have  passed  away.  The  variety  of  plastic  operations  per- 
formed for  ectropion  is  veiy  great ;  those  of  Wharton  Jones  and 
of  Dieffenbach  will  serve  as  examples. 

Wharton  Jones'  operation. — The  eye  is  to  be  protected  by  a 
horn  spatula  placed  beneath  the  lower  lid.  A  V-shaped  (fig.  13) 
incision  is  to  be  made  with  a  small  scalpel,  including  as  far  as 
possible  the  cicatricial  tissue;  the  flap  thus  formed  is  to  be 
dissected  from  the  subjacent  parts  sufficiently  to  enable  the  lid 
to  be  pressed  upwards  to  its  normal  position.  There  then  re- 
mains a  raw  surface,  which  is  to  be  covered  by  bringing  together 
the  edges  of  the  V-shaped  wound  by  means  of  fine  pins  in  such 
a  manner  that  the  V-shaped  incision  becomes  Y-shaped  (see  figs. 
13  and  14). 

In  DiefFenbach's  operation  the  diseased  tissue  is  dissected 


Fig.  12. — Adam's  Operation  for 
Ectropion. 
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away  by  a' triangular  incision,  which  has  its  base  at  the  lower 
lid ;  a  flap  of  skin  of  equal  size  is  then  marked  off  from  the 
immediate  neighbourhood  (see  fig.  15).  This  is  loosened  by 
careful  dissection  and  then  glided  on  to  the  recently  exposed 
surface  beneath  the  lower  lid.  It  is  then  kept  in  position  by 
fine  hare-lip  pins  and  sutures,  as  shown  in  fig.  16.  In  slight 
cases  the  surface  from  which  the  new  skin  has  been  removed 
soon  becomes  covered  over  by  growth  from  the  edges  of  the- 
wound ;  but  when  a  large  surface  is  thus  exposed,  skin-grafts- 
should  be  made  from  other  parts  of  the  body. 


Fig.  13.— Wharton  Jones'  Operation  FiG.  14.— (Final  stage.) 

(first  stage). 

Transplantation  of  skin. — The  operation  for  the  transplanta- 
tion of  skin  en  masse  in  the  treatment  of  ectropion  and  other 
deformities  of  the  eyelids  is  now  extensively  practised.  It  is 
particularly  valuable  in  all  cases  where  skin  is  required  to  re- 
place cicatricial  tissue,  such  as  that  which  so  often  follows  burns 
of  the  cheek  and  eyelids.  The  operation  is  long  and  tedious  ; 
like  all  blepharoplastic  procedures,  it  requires  great  care  and 
ingenuity  on  the  part  of  the  surgeon. 

1.  The  mucous  membrane  is  to  be  pared  from  the  margins 
of  both  eyelids,  and  the  raw  surfaces  thus  produced  are  to  be 
brought  into  apposition  and  united  by  four  fine  silk  sutures,  in 
order  to  produce  temporary  ankyloblepharon.  The  eyelashes 
should,  if  possible,  be  undisturbed. 
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TRANSPLANTATION  OF  SKIN. 

2.  The  affected  eyelid  is  then  to  be  liberated  from  the  cica- 
tricial tissue  by  an  incision  through  the  skin  along  its  whole 
length,  parallel  to  its  ciliary  border.  The  contracted  skin  is 
then  to  be  loosened  by  subcutaneous  incision,  so  as  to  form  a 
semilunar  raw  surface,  or,  if  quite  deformed  and  useless,  it  had 
better  be  dissected  away.  The  bleeding  from  the  surface  thus 
exposed  is  to  be  entirely  stopped. 

3.  A  piece  of  skin  of  similar  shape  and  about  one-third  larger 
in  each  diameter  of  the  exposed  surface  is  now  to  be  carefully 
dissected  from  some  other  paxt  of  the  body  of  the  patient,  or  of 
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Fig.  15. — Dieffenbach's  Operation 
for  Ectropion  (first  stage). 


another  person.  The  inner  side  of  the  arm,  the  front  of  the 
forearm,  the  front  of  the  leg,  and  the  foreskin  are  all  convenient 
parts  for  this  dissection,  which  should  be  made  as  far  as  possible 
Avithout  removing  subcutaneous  connective  tissue  and  fat ;  great 
care  should  also  be  taken  not  to  bruise  the  skin  with  the  forceps 
used  in  its  dissection.  Before  detaching  the  flap  of  skin  which 
is  to  be  transplanted,  it  is  well  to  pass  three  or  four  sutures  into 
different  points  at  its  margin,  otherwise  it  shrivels  up  in  such  a 
manner  that  it  cannot  be  opened  out  without  difficulty  and  loss 
of  time.  The  same  sutures  can  be  used  to  secure  it  in  its  new 
position. 

The  object  of  making  the  flap  so  much  larger  than  the 
surface  is  that  it  contracts  immediately  after  removal,  as  well 


Fig.  16. — (Second  stage.) 
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as  after  union.    As  soon  as  removed  it  is  to  be  transposed,  and 
secured  in  its  new  position  by  numerous  fine  silk  sutures. 

4.  Various  methods  of  dressing  are  recommended.  The  plan 
1  have  adopted  with  success  is  to  apply  first  a  piece  of  gold- 
beater's skin,  then  a  dossil  of  dry  lint,  and  over  these  a  large 
pad  of  dry  and  warm  cotton-wool  and  a  bandage.  The  dressings 
should  be  carefully  removed  once  daily.  The  eyelids  can  remain 
united  for  a  longer  or  shorter  period  according  to  the  nature  of 
the  case.  When  their  union  is  considered  to  be  no  longer  con- 
ducive to  the  prevention  of  eversion  of  the  lid,  they  can  be 
carefully  separated  by  incision  with  a  sharp  scalpel  on  a  grooved 
director. 

Skin  grafting  is  often  useful  in  cases  where  other  operative 
procedures  cannot  be  adopted.  The  plan  I  adopt  is  to  loosen 
the  unhealthy  skin  by  subcutaneous  section,  and  to  shift  it 
upwards  so  as  to  liberate  the  eyelid  from  its  traction.  If  the 
tissueis  very  much  diseased,  I  remove  it  altogether  by  dissection. 
Water-dressing  is  then  applied  for  one  or  two  days  to  the  ex- 
posed surface,  with  the  object  of  inducing  a  condition  of  healthy 
o-ranulation.    As  soon  as  the  surface  looks  red  and  clean,  I 

to 

make  numerous  small  grafts  of  skin  from  some  other  part  of  the 
patient's  body,  preferably  from  the  front  of  the  forearm.   In  order 
to  detach  these  grafts  from  the  forearm  I  pass  a  flat  surgical 
needle  just  beneath  the  true  skin,  so  as  to  raise  a  bridge  of 
about  2  mm.    This  bridge  is  cut  through  at  each  end  by  small 
thin  scissors,  and  can  be  transferred  to  the  raw  surface.  No 
scar  is  left  on  the  arm,  nor  is  there  any  great  pain  caused  by 
the  process.    The  more  grafts  thus  made,  the  .gi-eater  is  the  suc- 
cess of  the  operation.    If  the  first  batch  does  not  succeed,  other 
attempts  must  be  made.    As  soon  as  the  grafting  is  completed, 
a  piece  of  goldbeater's  skin  is  placed  over  the  patch,  then  a  piece 
of  dry  lint,  and  this  is  secured  by  good  strapping.    The  patient 
should  remain  as  quiet  as  possible  after  the  operation,  and  should 
be  cautioned  not  to  rub  the  part,  should  it  be  irritable.  The 
strapping  and  lint  should  be  carefully  removed  once  daily,  and 
the  condition  of  the  grafts  examined  through  the  transpai-ent 
goldbeater's  skin.    The  grafts  at  first  have  a  white  sodden 
appearance,  but  on  the  second  or  third  day  they  become  pink, 
and  increase  rapidly  in  all  directions. 
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Epicanthus  is  a  congenital  deformity  in  which  a  crescentic  fold 
ot  skin  projects  in  front  of  the  inner  canthus.  It  is  generally 
symmetrical,  giving  a  broad  appearance  to  the  root  of  the  nose. 
13y  pinching  up  the  skin  at  the  root  of  the  nose,  the  epicanthus 
can  be  made  to  disappear.  It  generally  improves  as  the  child 
grows  and  the  bones  of  the  face  become  developed.  Vision  is 
not  interfered  with.  Operative  interference  is  seldom  required 
except  for  cosmetic  purposes,  and  should  not  be  adopted  during 
childhood. 

When  required,  it  is  simply  necessary  to  remove  an  oval 
flap  of  skin  from  the  median  line  over  the  root  of  the  nose,  the 
size  of  which  must  vary  with  the  extent  of  the  deformity,  and 
to  bring  the  edges  of  the  wound  together  by  sutures. 

Contusions  are  very  common,  and  may  vary  from  slight  red- 
ness to  severe  cutaneous  and  subcutaneous  ecchymoses  ('  black- 
eye  ').  They  are  not  unfrequently  accompanied  by  other  more 
serious  lesions  of  the  globe,  or  of  the  orbit.  The  absorption 
of  the  ecchymosis  in  '  black-eye '  is  often  hastened  by  the  use 
•of  cold-water  compresses  or  of  evaporating  lotions. 

"Wounds,  Avhen  incised  or  lacerated,  should  have  their  edges 
brought  into  exact  apposition  by  fine  sutures.  Grreat  attention 
should  be  given  in  these  cases  to  the  position  of  the  pun  eta 
lachrymalia,  as  the  slightest  eversion  of  these  from  the  globe 
is  sufficient  to  interfere  with  the  natural  flow  of  tears.  When 
wounds  are  penetrating,  the  condition  of  the  globe  and  of  the 
orbit  should  be  carefally  examined.  They  heal  with  great 
rapidity.  A  pad  of  lint  and  a  light  bandage  should  be  applied 
in  either  of  the  above  cases. 

Burns  and  scalds  of  the  eyelids  require  similar  treatment  to 
that  employed  in  other  parts  of  the  body.  In  case  of  destruc- 
tion of  tissue,  great  care  should  be  exercised  to  keep  the  lids 
from  uniting  to  each  other  by  their  edges  (ankyloblepharon),  and 
to  prevent  the  ocular  and  palpebral  portions  of  the  conjunctiva 
from  becoming  adherent  (symblepharon).  Burns  from  quick- 
lime are  of  frequent  occurrence.  The  eyelids  should  be  well 
everted  and  carefully  washed  with  cotton-wool  and  water ;  a  little 
castor  oil  and  atropine  should  then  be  dropped  into  the  palpebral 
aperture,  and  a  compress  of  lint  and  a  light  bandage  applied. 
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The  eye  should  afterwards  be  examined  daily,  and  any  adhesions 
broken  do^\Ti  with  a  probe. 

Herpes  ophthalmicus  (Herpes  zoster  frontalis,  zona)  is  a  form 
of  herpes  zoster  occurring  along  the  course  of  one  or  more  branches 
of  the  ophthalmic  division  of  the  fifth  ci'anial  nerve.  It  is  charac- 
terised by  au  eruption  of  vesicles  upon  an  inflamed  area  extending 
from  the  bi^ow  of  the  affected  side  to  as  far  back  on  the  scalp  as- 
the  lambdoid  suture,  and  attended  with  considerable  heat,  itching, 
and  neuralgia.  If  the  nasal  nerve  is  also  involved,  vesicles  will 
appear  on  the  same  side  of  the  nose.  It  is  an  affection  more 
commonly  met  with  in  elderly  debilitated  subjects,  but  has  been 
seen  in  children.  Premonitory  symptoms  in  the  form  of  local 
tenderness  and  pain  are  usually  complained  of.  Eventually  the 
skin  becomes  red  and  swollen,  and  the  herpetic  vesicles  appear 
in  the  form  of  groups,  which,  lasting  for  only  a  few  days,  coalesce, 
and  their  contents  dry  up,  leaving  an  irregiilar  patchwork  of 
brown  scabs  aloug  the  course  of  the  nerve ;  these  come  away  in 
scales,  and  a  permanent  scai*ring  remains  indicative  of  what  has 
taken  place. 

Intractable  neuralgia  and  ocular  lesions  are  the  two  important 
sequelce  to  be  feared. 

The  only  trouble  for  which  this  affection  is  liable  to  be  mis- 
taken is  erysipelas ;  the  characteristic  vesicles  occurring  along 
the  course  of  a  nerve,  its  strict  asymmetry,  and  the  associated 
hemicrania  are  sufficient  points  to  lead  to  a  correct  diagnosis. 

Herpes  cornew  may  also  occur  while  herpes  ophthalmicus  is 
at  its  height  or  as  it  subsides.  According  to  Hutchinson,  the- 
eye  hardly  ever  suffers  much  except  when  the  nasal  branch  is 
affected.  Vesicles  occurring  on  the  side  and  tip  of  the  nose  are 
sufiicient  to  cause  one  to  apprehend  ocular  troubles. 

Treatment  must  be  local  and  constitutional.  Sedative  lotions, 
as  lead  and  opium,  belladonna,  and  cocaine,  will  be  most  beneficial 
over  the  affected  area  of  the  skin.  Internally,  tonics  must  be 
given — quinine  and  nux  vomica,  or  ammonia  and  bark.  The 
neuralgic  pains  will  be  best  relieved  by  the  administration  of 
chlorafand  bromide  of  potassium,  and  by  the  application  of  the 
galvanic  current  over  the  area  affected. 

Ankyloblepharon  signifies  the  adhesion  of  the  ciliary  margins 
of  the  eyelids.    It  may  be  congenital  or  acquired,  complete  or 
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partial.  It  often  accompanies  and  is  prodnced  by  the  same 
cause  as  symblepharon.  The  adhesion  is  rarely  so  complete  as 
to  involve  the  entire  edges  of  the  lids — it  usually  only  occupies 
their  outer  half;  ,  even  in  the  most  complete  cases  a  small 
opening  usually  exists  near  the  inner  canthus,  through  which 
the  tears  and  mucus  can  escape.  The  treatment  consists  'in 
dividing  the  cicatricial  structures  which  hold  the  lids  together. 
To  do  this,  a  grooved  director  should  first  be  passed  behind  the 
lids,  and  the  incision  made  with  a  small  scalpel. 

Symblepharon  is  the  abnormal  adhesion  of  the  eyelids  to  the 
globe.  It  is  usually  caused  by  burns  or  injuries,  but  occasion- 
ally follows  granular  and  diph- 
theritic conjunctivitis.  S}tii- 
blepharon  may  be  partial,  con- 
sisting of  one  or  more  bands 
of  cicatricial  tissue  extending 
from  the  conjunctiva  of  the 
lid  to  that  of  the  globe,  and 
thus  forming  a  bridge  of  tissue 
beneath  which  a  probe  can  be 
passed  ;  or  it  may  be  compZefo 
— that  is,  the  entire  surface 
of  the  affected  portion  of  the 
lids  becomes  united  to  the  globe.  The  lower  lid  is  most  com- 
monly adherent ;  in  severe  cases  this  becomes  united  to  the 
cornea,  thus  producing  great  deformity,  limitation  of  the  upward 
and  lateral  movements  of  the  globe,  and  partial  or  total  loss  of 
vision  (see  fig.  17). 

Treatment. — In  the  simpler  forms  of  partial  symblepharon, 
where  only  a  band  of  cicatricial  tissue  extends  from  the  palpebral 
to  the  ocular  conjunctiva,  and  where  a  probe  can  be  passed  be- 
neath, it  is  usually  sufiicient  to  snip  away  the  adhesion  close  to 
both  surfaces  with  scissors,  and  to  keep  the  raw  surfaces  from 
uniting  by  separating  them  with  a  probe  every  day.  When  more 
extensive  adhesions  exist,  we  must  have  recourse  to  other  proce- 
dures. 

1 .  Teale's  operation  consists  in  the  dissection  of  the  adher- 
ent lid  from  the  globe,  so  that  the  latter  can  move  freely  in  all 
dnections.    This  done,  the  neighbouring  healthy  conjunctiva  is 
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Fig.  17— Symblepharon.  (After 
Anderson  Critchett.) 
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utilised,  by  dissection  and  stretching,  so  as  to  form  flaps  to  cover 
the  ocular  and,  if  possible,  the  palpebral  surfaces.  Numerous  fine 
silk  sutures  are  used  to  draw  the  edges  of  the  new  flaps  together. 
Various  modifications  of  this  operation  are  performed  by  different 
surgeons. 

2.  In  more  severe  cases,  where  there  is  not  sufficient  ocular 
conjunctiva  to  admit  of  its  being  utilised,  the  conjunctiva  of 
another  eye  or  from  that  of  a  rabbit,  or  the  mucous  membrane 
from  the  patient's  lip,  may  be  transplanted. 

Coloboma  palpebrse,  or  congenital  cleft  of  the  eyelid  resemblmg 
hare-lip,  is  a  disfigurement  occasionally  seen.  It  may  be  present 
in  either  lid,  usually  at  the  junction  of  its  middle  and  inner  third. 
Two  may  be  seen  in  one  lid  dividing  it  into  three  folds.  A  der- 
moid growth  is  often  present  on  the  cornea  or  conjunctiva  oppo- 
site the  site  of  the  cleft ;  other  congenital  anomalies,  as  acces- 
sory auricles,  hare-lip,  &c.,  are  frequent  accompaniments.  The 
treatment  adopted  by  most  surgeons  is  to  pare  the  edges  and 
angle  of  the  cleft  and  bring  the  sides  together  with  sutures. 
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CHAPTER  II. 

THE  AFFECTIONS  OF  THE  LACHRYMAL  APPARATUS. 

ANATOMY  AND  PHYSIOLOSY— DISEASES  OF  LACHRYMAL  GLAND — INFLAM- 
MATION—HYPEETBOPHY— SARCOMA  —  EXTIRPATION —  CYSTS  —  FISTULA 
OF  GLAND — DISPLACEMENT  OP  PUNCTA — SLITTING  UP  CANALICULUS — 
PROBING— OBSTRUCTION  OF  CANALICULI  AND  OF  NASAL  DUCT — ABSCESS 
OF  LACHRYMAL  SAC — FISTULA  OF  SAC. 

Anatomy  and  Physiology. — The  lachrymal  apparatus  consists 
of  the  lachrymal  gland  and  its  excretory  ducts,  the  lachrymal 
canaliculi,  the  lachrymal  sac,  and  the  nasal  duct. 

The  lachrymal  gland  is  placed  in  the  upper  and  outer  part  of 
the  orbit,  a  little  behind  its  anterior  margin.  It  consists  of  a 
large  superior  and  a  small  inferior  portion.  The  larger  portion 
is  about  2  cm.  in  length,  1  cm.  in  breadth,  and  0-5  cm,  in  thick- 
ness ;  it  is  lodged  in  a  depression  in  the  orbital  plate  of  the  fron- 
tal bone,  to  which  it  adheres  by  fibrous  bands  ;  its  long  diameter 
is  placed  transversely.  The  smaller  portion  is  separated  from  the 
larger  by  connective  tissue ;  it  is  closely  adherent  to  the  back  of 
the  upper  eyelid,  and  is  covered  on  its  ocular  surface  by  conjunc- 
tiva (see  fig.  18). 

From  both  portions  of  the  gland  there  proceed  numerous 
small  ducts— the  lachrymal  ducts — varying  from  seven  to  four- 
teen in  number;  they  run  obliquely  under  the  conjunctiva,  and 
open  by  separate  orifices  into  the  fornix  conjunctivte  at  its  upper 
and  outer  part. 

The  lachrymal  gland  is  similar  in  structure  to  the  salivary 
glands,  consisting  of  acini,  which  contain  cuboidal  cells  with 
large  nuclei.    In  the  centre  of  each  acinus  the  duct  begins. 

The  nervous  mechanism  of  the  lachrymal  gland  is  very 
complex.  A  flow  of  tears  may  easily  be  excited  in  a  reflex 
manner  by  stimuli  applied  to  the  conjunctiva,  the  nasal  mucous 
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membrane,  the  tongue,  the  optic  nerve,  &c. ;  and  in  a  direct 
manner  by  the  emotions. 

The  lachrymal  canaliculi  are  two  in  number,  situated  on  the 
margin  of  each  lid,  at  the  inner  angle.  Each  commences  by  a 
small  aperture,  the  punctum  lachrymale,  which  may  be  seen  situ- 
ated on  a  slight  eminence  (papilla).  The  upper  canal  is  rather 
smaller  and  longer  than  the  lower  ;  it  first  ascends  and  then  turns 
downwards  and  inwai'ds  to  the  lachrymal  sac.  The  lower  canal 
first  descends,  and  then  runs  horizontally  to  the  sac.  They 
usually  unite  just  before  reaching  the  sac.  Near  the  punctum 
the  diameter  of  each  canaliculus  is  about  0'5  mm. ;  just  beyond 


Fig.  18. — Dissection  of  the  Lachrymal  Apparatus. 


this  it  becomes  suddenly  dilated  to  1  mm. ;  and  for  the  remaining 
two-thirds  of  its  course  it  is  about  0-6  mm.  Its  walls  are  extremely 
thin,  and  are  lined  by  stratified  epithelium.  Striped  muscular 
fibres  derived  from  the  orbicularis  palpebrarum  encircle  each 
canaliculus. 

The  lachrymal  sac  is  the  upper  dilated  portion  of  the  passage 
which  conveys  the  tears  from  the  lachrymal  canals  to  the  cavity 
of  the  nose.  It  is  situated  in  a  deep  groove  formed  by  the 
lachrymal  and  superior  maxillary  bones.  Its  upper  end  is  closed 
and  rounded,  and  its  lower  part  tapers  off  into  the  nasal  duct. 
On  its  outer  side  and  rather  anteriorly  its  receives  the  canaliculi. 
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In  front  of  it  are  the  tendo  palpebrarum  and  some  fibres  of  the 
orbicular  muscle  ;  behind  is  the  tensor  tarsi  muscle.  It  is  com- 
posed of  fibrous  and  elastic  tissue,  and  adheres  closely  to  the 
bones.    It  is  lined  by  ciliated  epithelium. 

The  nasal  duct  extends  from  the  lachrymal  sac  to  the  inferior 
meatus  of  the  nose.  The  osseous  canal  is  formed  by  the  superior 
maxillary,  the  lachrymal,  and  the  inferior  turbinated  bones. 
This  is  lined  by  a  tube^  of  fibrous  membrane,  continuous  with 
that  of  the  lachrymal  sac,  and  is  similarly  lined  with  ciliated 
epithelium.  At  the  entrance  into  the  inferior  meatus  there  is 
sometimes  an  imperfect  valvular  arrangement  of  the  mucous 
membrane.  The  length  of  the  duct  varies  with  the  development 
of  the  face ;  it  is  usually  a  little  more  than  half  an  inch.  Its 
direction  is  downwards,  and  slightly  outwards,  and  backwards. 

The  lachrymal  secretion  is  a  faintly  alkaline  fluid  containing 
about  1  per  cent,  of  solids,  of  which  a  small  part  is  proteid  in 
composition.  It  passes  by  the  lachrymal  ducts  into  the  sac  of 
the  conjunctiva,  where  it  serves  to  moisten  the  anterior  part  of 
the  eye.  Its  exit  from  the  sac  of  the  conjunctiva  is  effected  by 
the  act  of  winking,  which  takes  place  at  frequent  intervals.  In 
this  act  of  closure  of  the  lids  not  only  is  there  contraction  of  the 
palpebral  portion  of  the  orbicularis,  but  also  of  those  fibres 
which  surround  the  lachrymal  sac ;  thus,  the  palpebral  fissure 
being  closed,  the  tears  are  pressed  successively  through  the 
puncta  lachrymalia,  the  canaliculi,  the  lachrymal  sac,  and  the 
nasal  duct,  into  the  inferior  meatus  of  the  nose,  where  they  are 
evaporated  by  the  act  of  respiration. 

Diseases  of  the  Lachrymal  Gland. 

Inflammation  of  the  lachrymal  gland  (dacryo-adenitis)  is  ex- 
tremely rare.  It  may  be  acute  or  chronic.  In  the  acute  form 
there  is  great  swelling  and  redness  of  the  upper  lid,  especially 
towards  the  outer  angle  of  the  orbit.  The  swelling  may  be  so 
great  as  to  displace  the  globe  downward  and  inwards,  in  which 
case  the  upward  and  outward  movements  of  the  eye  are  affected. 
The  conjunctiva  is  injected,  and  frequently  there  is  chemosis. 
Pain  is  severe,  of  a  throbbing  nature  and  increased  on  pressure. 
It  may  terminate  by  resolution,  it  may  go  on  to  suppuration,  or 
it  may  become  chronic. 
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The  formation  of  abscess  is  indicated  by  increased  local 
redness,  swelling,  and  intensification  of  the  throbbing  pain. 

In  chronic  inflammation  of  the  gland  there  is  also  consider- 
able swelling,  but  the  other  symptoms  of  the  acute  form  are 
less  severe.  Digital  examination  in  the  region  of  the  gland 
shows  it  to  be  distinctly  enlarged,  but  there  is  less  redness  of 
the  skin  of  the  eyelid,  little  or  no  chemosis,  pain  is  slight,  and 
not  of  a  throbbing  nature  ;  and  there  is  scarcely  any  tenderness 
on  pressure. 

Causes. — Dacryo-adenitis,  whether  acute  or  chronic,  is 
generally  caused  by  injury  to  the  parts  in  the  region  of  the 
gland. 

Treatment. — In  the  early  stage,  the  acute  form  of  inflam- 
mation should  be  combated  by  energetic  antiphlogistic  measures, 
such  as  the  local  application  of  several  leeches,  frequent  hot- 
water  fomentations,  emollient  compresses  bandaged  on  and  kept 
warm  by  a  large  pad  of  cotton-wool.  When  suppuration  is 
evidently  established,  a  free  incision  should  at  once  be  made  by 
plunging  a  scalpel  into  the  most  prominent  part  of  the  swelling, 
the  point  of  the  knife  being  carefully  kept  away  from  the  globe  ; 
the  incision  should,  if  possible,  be  made  througli  the  conjunctiva 
so  as  to  avoid  the  formation  of  lachrymal  fistula  ;  but  if  there  is 
pointing  through  the  skin  of  the  upper  lid  this  must  be  the 
point  of  election.  When  the  affection  is  chronic,  any  patent 
cause  of  the  afiection  should  be  as  far  as  possible  removed.  The 
application  of  an  ointment  of  mercury  and  belladonna  to  the 
surrounding  surface  may  be  useful. 

Hypertrophy  of  the  lachrymal  gland  has  been  occasionally 
seen,  but  is  very  rare,  most  of  the  cases  described  under  this 
name  being  probably  sarcomata.  It  is  characterised  by  the 
presence  of  a  circumscribed,  nodular,  somewhat  elastic  tumour 
in  the  region  of  the  gland.  It  is  not  painful  or  tender,  nor  is 
there  any  marked  swelling  of  the  upper  lid.  It  occurs  in  young 
subjects,  and  has  been  seen  shortly  after  birth.  It  always 
increases,  though  its  growth  is  usually  slow.  The  edge  of  the 
tumour  can  be  distinctly  felt  beneath  the  orbital  ridge,  as  it 
gradually  extends  over  the  upper  part  of  the  globe. 

PatJwlogy.— These  tumours  do  not  present  the  microscopic 
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characters  of  simple  hypertrophy  of  gland-tissue.  They  present 
the  appearance  of  fibro-sarconia  or  adeno-sarcoma. 

Treatment  of  a  palliative  nature  may  at  first  be  tried  ;  iodide 
of  potassium  may  be  given  internally,  and  absorbents  applied 
locally  to  the  surface  ;  but  the  tumour  will  generally  be  found  to 
increase,  in  which  case  extirpation  of  the  whole  mass  is  the  only 
reliable  remedy. 

Operation  for  extirpation  of  the  lachrymal  gland. — The  patient 
is  to  be  fully  anaesthetised  in  the  supine  position  upon  a 
moderately  high  table.  Instruments  required  are  a  small 
scalpel,  a  horn  spatula,  a  vulsellum  forceps,  curved  scissors, 
toothed  forceps,  and  artery  forceps.  The  operator  should  stand 
on  the  patient's  right,  his  assistant  on  the  patient's  left.  The 
upper  lid  is  to  be  drawn  down  until  the  lower  edge  of  the  eye- 
brow becomes  on  a  level  with  the  edge  of  the  orbit.  An  incision 
is  then  made  parallel  with  the  eyebrow  and  quite  close  to  its 
lower  part,  extending  from  the  middle  of  the  upper  edge  of  the 
orbit  as  far  as  its  outer  angle.  All  structures  are  to  be  divided 
down  to  the  periosteum.  The  fibrous  tissue  of  the  palpebral 
ligament  will  now  be  exposed,  and  must  be  carefully  divided 
close  to  the  edge  of  the  orbit  with,  scissors  or  scalpel.  The 
lachrymal  gland,  if  large,  will  now  present  itself  to  view ;  if 
small,  it  will  be  found  deeply  seated  in  the  lachrymal  fossa.  In 
either  case  it  must  be  firmly  seized  with  the  vulsellum  forceps 
and  dissected  from  its  surrounding  connective  tissue  with  scis- 
sors. The  dissection  should  be  begun  from  the  orbital  surface 
of  the  gland.  In  clearing  it  from  its  ocular  relations,  great 
care  should  be  taken  to  avoid  laceration  of  the  levator  'pcd'pelrce 
muf=cle.  The  edges  of  the  wound  are  to  be  brought  together 
by  fine  silk  or  catgut  sutures,  and  a  light  compress  of  dry  lint 
applied.  The  antiseptic  method  of  operating  is  very  desirable 
here. 

Cysts  of  the  lachrymal  gland  sometimes  occur.  They  are 
mostly  due  to  obstruction  of  the  excretory  ducts,  but  sometimes 
are  caused  by  hydatids.  When  present,  they  may  be  felt  as  a 
small  tumour  of  from  1  cm.  or  2  cm.  diameter  in  the  upper 
and  outer  angle  of  the  orbit.  On  raising  the  upper  lid,  they 
may  often  be  recognised  by  their  transparency  beneath  the 
conjunctiva. 


42    AFFECTIONS  OF  THE  LACHRYMAL  APPARATUS. 


Treatment. — Simple  puncture  through  the  conjunctiva  is 
sometimes  sufficient  to  establish  a  cure,  but  it  is  better  to 
remove  a  small  poi'tion  of  the  wall  of  the  cyst  in  addition  to 
the  puncture.  Some  surgeons  prefer  to  pass  a  ligature  of  silk 
through  the  cyst,  which  is  gradually  tightened,  and  finally 
ulcerates  through ;  others  recommend  extirpation  of  the  lachi'y- 
mal  gland. 

Fistula  of  the  lachrymal  gland  is  usually  the  result  of  injury 
or  of  abscess.  A  small  opening  exists  in  the  skin  near  the  upper 
and  outer  angle  of  the  orbit,  through  which  the  tears  almost  con- 
stantly escape.  The  flow  of  tears  through  this  abnormal  passage 
may  be  increased  by  irritation  of  the  conjunctiva. 

Treatment. — The  edges  of  the  opening  will  sometimes  unite 
by  the  application  of  solid  nitrate  of  silver  every  few  days,  or  by 
the  introduction  of  a  wire  of  the  thermal  cautery  at  -a  dull  red 
heat.  These  measures  may  be  assisted  by  previously  establish- 
ing an  artificial  opening  into  the  sac  of  the  conjunctiva  by  the 
introduction  of  a  seton  in  the  region  of  the  lachrymal  ducts. 
Some  cases  are  obstinate,  and  require  ultimate  extirpation  of  the 
gland. 

Affections  of  the  drainage  system  may  be  classified  as  those 
of  the  puncta  lachrymalia,  those  of  the  canaliculi,  and  those  of 
the  lachrymal  sac  and  nasal  duct.  In  each  of  these  affections 
lachrymation,  or  overflow  of  tears  (epiphora),  is  a  troublesome 
symptom,  which  is  always  aggravated  by  exposure  of  the  eye  to 
cold  or  wind,  or  by  any  cause  which  would  increase  the  secretion 
of  the  lachrymal  gland. 

Displacement  of  the  punctum  of  the  lower  lid  is  a  not  un- 
frequent  cause  of  lachrymation.  It  occurs  in  elderly  people  in 
whom  the  orbicularis  muscle  has  become  relaxed,  so  that  the 
lower  lid,  with  its  punctum,  falls  away  from  its  proper  apposi- 
tion to  the  globe.  The  punctum  is  often  drawn  outwards  in 
cases  of  ectropion. 

Treatment.— This  must  vary  with  the  cause  of  the  eversion, 
and  its  degree.  If  the  punctum  cannot  be  restored  to  its 
proper  position,  the  best  method  of  restoring  conduction  of  the 
tears  into  the  lachrymal  sac  is  by  slitting  up  the  lower  canali- 
culus, so  that  they  may  enter  its  channel  nearer  the  sac. 

Operation  for  sUtting  up  the  lower  canaliculus.— No  antes- 
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thetic  is  required,  except  in  the  case  of  cliildren  and  persons  of 
nervous  temperament.  In  all  cases,  liowever,  it 
is  well  to  inject  a  6  per  cent,  solution  of  cocaine 
hydrochlorate  into  the  lachrymal  sac  by  means 
of  a  lachrymal  syringe  about  ten  minntes  before 
operating.  Patient  to  be  seated  on  an  ordinary 
chair  with  the  head  thrown  back,  so  that  the  face 
looks  towards  the  ceiling.  Operator  to  stand 
behind  the  chair.  The  lower  lid  is  to  be  tensely 
•drawn  downwards  and  outwards,  and  slightly 
everted  by  the  thumb  of  one  hand  (fig.  21),  while 
with  the  other  hand  the  probe  point  of  a  canal- 
iculus knife  (fig.  19)  is  introduced  vertically. 
When  the  knife  has  well  entered  the  canaliculus, 
its  point  is  to  be  directed  inwards,  and  slightly 
backwards  in  the  direction  of  the  lachrymal  sac, 
until  it  reaches  the  inner  wall.  The  edge  of  the 
knife  during  its  passage  is  to  be  turne;d  towards 
the  conjunctiva,  so  as  to  divide  the  canaliculus 
close  to  the  muco-cutaneous  junction.  When  the 
knife  has  thus  reached  the  inner  wall  of  the  sac, 
it  must  be  boldly  brought  up  from  the- horizontal 
to  the  vertical  position,  the  eyelid  being  still 
kept  tensely  drawn  outwards  by  the  opposite 
thumb.  Thus  the  whole  length  of  the  canaliculus 
is  divided  quite  into  the  sac. 

Several  other  methods  of  slitting  up  the 
•canaliculus  are  adopted.  A  fine  grooved  director 
(Critchett's)  is  passed  through  the  canaliculus, 
•along  which  a  fine  knife  is  passed  into  the  sac. 
Fine  scissors  are  sometimes  used,  one  blade  of 
Avhich  is  passed  into  the  canaliculus. 

The  upper  canaliculus  is  more  easily  divided 
than  the  lower,  except  that  it  is  often  more 
<lifScult  to  find  its  punctum.    Here  the  upper  lid       Fig.  19. 
must  be  made  tense  as  the  probe-pointed  knife  is  liculus  Knife." 
passed  downwards  and  inwards  to  the  sac. 

Various  modifications  of  the  knife  represented  in  fig.  19, 
such  as  Bowman's,  Wecker's,  Liebreich's,  and  others,  are  used. 
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It  sometimes  happens  that  the  punctum  is  very  small,  and  will 
not  admit  the  probe-point  of  the  knife ;  in  these  cases  a  fine 
conical  probe  should  be  first  introduced,  by  which  means  it  may 
be  sufficiently  dilated  to  admit  the  knife. 

Obstruction  of  the  lower  canaliculus  is  not  unfrequent.  It 
inay  be  caused  by  inflammation  of  the  mucous  membrane  ex- 
tending from  the  conjunctiva,  or  by  the  presence  of  a  foreign 
body  such  as  an  eyelash.  It  is  sometimes  due  to  chalky  concre- 
tions, and  is  often  the  result  of  cicatrix  following  burns,  and 
lacerated  w^ounds.  The  upper  canaliculus  is  less  frequently 
affected  except  in  the  case  of  wounds  and  burns. 

Treatment. — This  must  vary  as  the  cause  of  the  obstruction 
or  obliteration.  When  a  foreign  body  or  concretion  is  present, 
it  should  if  possible  be  removed  with  fine  forceps.  When  its. 
removal  is  found  to  be  impracticable,  the  canaliculus  should  be 
slit  up.  There  is  sometimes  a  difficulty  in  finding  any  opening 
into  the  canaliculus.  In  this  case,  careful  search  should  be 
made  in  the  region  of  the  punctum  with  a  fine  conical  probe  • 
this  will  sometimes  find  an  entrance  when  no  aperture  is  visible,, 
and  should  then  be  forcibly  passed  in  the  direction  of  the  canal- 
iculus, so  as  to  dilate  it  sufficiently  for  the  reception  of  the 
knife.  Mr.  Streatfeild  had  an  ingenious  method  of  finding  the 
canal  in  these  cases.  Having  first  slit  up  the  upper  canaliculus, 
he  passed  a  piece  of  bent  silver  wire  through  this  into  the  lower 
one.  When  no  opening  can  thus  be  found,  a  minute  aperture- 
should  be  made  in  the  direction  of  the  canal  at  its  middle 
third ;  this  can  be  done  with  a  fine  knife  or  scissors,  and  will 
afford  greater  facility  of  entrance  than  incision  of  the  tissues- 
about  the  punctum.  A  very  frequent  point  of  obstruction  is 
just  at  the  entrance  to  the  lachrymal  sac.  This  is  indicated  by 
the  movement  of  the  whole  lower  lid  when  the  knife  or  probe 
is  pressed  towards  the  sac.  Firm  pressure  in  the  inward  and 
slightly  backward  direction  will  generally  overcome  this  resist- 
ance. 

Stricture  of  the  nasal  duct  is  the  most  common  affection  of 
the  lachrymal  apparatus. 

Cause.— The  original  cause  of  this  aff"ection  is  frequently 
diflficult  to  make  out.  It  appears  in  many  cases,  however,  to 
commence  bv  extension  of  catarrhal  inflammation  of  the  lining 
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membrane  of  the  nose.  It  is  possible  for  it  to  be  caused  by 
extension  from  the  conjunctiva  through  the  lachrymal  sac,  but 
more  frequently  it  is  the  obstruction  which  causes  the  conjunc- 
tivitis. In  strumous  and  syphilitic  subjects,  periostitis  of  the 
bones  forming  the  nasal  canal  is  a  frequent  cause  of  obstruction 
by  extension  of  inflammation  to  the  fibro-mucous  lining.  It 
niay  also  be  caused  by  injury  to  the  nasal  bones,  and  by  the 
existence  of  carious  teeth  in  the  upper  jaw.  Pressure,  causing 
more  or  less  obliteration  of  the  canal,  by  tumours  of  various 
kinds,  as  fibro-sarcoma,  myxoma,  and  exostosis  developed  in  the 
upper  jaw,  the  antrum,  or  the  nasal  fossa,  is  not  uncommon. 

The  seat  of  the  stricture  is  usually  at  the  upper  part  of  the 
tube  just  below  its  junction  with  the  lachrymal  sac,  but  it  may 
be  situated  anywhere  in  its  course. 

The  sijmptoms  of  stricture  of  the  nasal  duct  are  very  vari- 
able. In  some  cases  the  only  observable  departure  from  the 
normal  condition  is  an  overflow  of  the  tears,  which  is  increased 
by  exposure  to  cold  wind  or  bright  light.  There  may  be  little 
or  no  inflammatory  redness  of  the  conjunctiva.  The  puncta 
lachrymalia  and  canaliculi  are  found  to  be  quite  patent,  and  in 
their  normal  position.  There  is  no  perceptible  tumour  in  the 
region  of  the  lachrymal  sac.  On  making  fii'm  pressure  with 
the  finger  over  the  region  of  the  sac,  there  may  be  no  regurgita- 
tion of  its  contents  ;  more  frequently,  however,  there  is  some 
reflux  of  a  viscid  secretion  through  the  canaliculi,  which  may  be 
quite  clear  and  colourless,  or  may  be  more  or  less  purulent,  but 
is  always  of  a  more  tenacious  character  than  the  tears.  In  the 
majority  of  cases,  however,  there  is  distinct  swelling  of  the 
lachrymal  sac  (chronic  dacryo-cystitis,  mucocele).  The  amount 
of  swelling  varies  from  a  mere  fulness  to  an  absolute  protuber- 
ance of  the  skin  just  below  the  internal  palpebi-al  ligament. ' 
Firm  pressure  with  the  finger  over  this  will  usually  cause  the 
dispersion  of  its  contents  either  upwards  through  the  canaliculi, 
or  downwards  through  the  nasal  duct.  The  nature  of  this 
liquid  varies  according  to  the  gravity  of  the  lesions  of  the  sac ; 
It  may  be  simple  mucus  or  muco-pus,  or  even  pus.  Lachryma- 
tion  IS  troublesome,  causing  irritation  and  redness  of  the  con- 
junctiva and  eyelids.  The  swelling  is  usually  free  from  pain 
and  devoid  of  tenderness,  even  on  pressure ;  it  is  localised,  and 
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increases  but  slowly.    It  is,  however,  liable  at  any  time  to  take- 
on  an  active  state  of  inflammation  and  suppuration,  thus  consti- 
tuting abscess  of  the  lachrymal  sac,  in  which  the  symptoms  are 
altogether  more  severe.    The  swelling  now  becomes  suddenly 
increased,  and  of  a  tense  brawny  nature.    The  root  of  the  nose,, 
the  lower  part  of  the  frontal  region,  the  upper  part  of  the  cheek, 
are  cedematous ;  the  eyelids,  also,  are  frequently  infiltrated. 
The  skin  over  the  region  of  the  lachrymal  sac  and  the  surround- 
ing parts  is  of  a  dusky  red  colour.    There  are  intense  local 
pain  and  heat,  in  addition  to  the  redness  and  swelling.  General 
symptoms,  such  as  pyrexia,  rigors,  and  vomiting,  may  occur. 
This  kind  of  intlammation  of  the  sac  never  terminates  in  resolu- 
tion ;  suppuration  first  takes  place  inside  the  sac,  forming  an 
abscess,  which  soon  perforates  its  walls,  setting  up  inflammation 
of  the  surrounding  cellular  tissue. 

Perforation  of  the  wall  of  the  sac  is  attended  by  diminu- 
tion of  the  pain,  which,  although  it  does  not  disappear,  becomes 
greatly  lessened  in  intensity.  Then  commences  the  more 
serious  inflammation  and  swelling  of  the  tissues  around  the  sac 
and  in  its  vicinity,  leading  to  the  formation  of  abscess,  which, 
if  untreated  by  surgical  interference,  usually  termmates  by 
pointing  through  the  skin  about  1  cm.  below  the  lower  punc- 
tum  lachrymale.  This  opening  gives  exit  at  first  to  purulent 
matter,  which  gradually  decreases  as  the  inflammation  and 
swelling  subside.  It  may  heal  up  of  its  own  accord,  but  gene- 
rally remains  as  a  fistula  of  the  lachrymal  sac,  giving  exit  at 
first  to  the  purulent  matter,  then  to  muco-pus  mixed  with  the 
tears,  and  finally  to  the  tears  alone,  which  ought  to  have  passed 
down  the  nasal  duct.  .  , 

The  &«,H0«.-  of  swelling  of  the  lachrymal  sac  is  easily  made 
when  there'is  but  little  inflammatory  trouble.    Its  situation,  its 
Ltory  and  accompanying  lachrymation,  its  more  or  less  com- 
nlete  disappearance  on  firm  pressure,  serve  to  distinguish  it 
Vom  other  tumours  of  this  region.    When  inflammation  is 
evere  it  may  at  first  simulate  erysipelas  of  the  eyelids  but  in 

abscrs's  of  thJsac  we  have  seen  ^^^^  -^T"- 

tl.P  seat  of  inflammation,  and  shades  ofl  and  becomes 
Z  le  -1  n  of  the  surrounding  parts,  that  there  is^ways  a 
hbtorrof  1-hvymation,  and  generally  of  tumour  of  the  sac. 
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In  eiysipelas,  the  redness  is  equal  all  over  the  swelling,  its  outer 
edge  is  seen  to  spread  to  surrounding  parts,  and  there  is  no 
history  of  previous  lachrymation  or  tumour.  It  may  be  diffi- 
cult to  distinguish  from  a  chalazion  occurring  near  the  inner 
canthus  in  the  upper  lid.  In  any  case,  the  canaliculus  should 
be  syringed,  when  it  will  be  at  once  evident  whether  any 
obstruction  exists  or  no.  It  may  also  be  difficult  to  say 
whether  an  abscess  at  the  inner  angle  of  the  eye  had  its  com- 
mencement within  or  outside  the  sac.  Here,  again,  the  previous 
history  of  overflow  of  tears  and  the  presence-  of  a  tumour  of  the 
sac  are  useful  aids  to  diagnosis,  and  all  doubt  can  often  be  dis- 
pelled by  pressure  over  the  swelling,  when  a  regurgitation 
takes  place  through  the  puncta  lachrymalia. 

Stricture  of  the  nasal  duct  also  gives  rise  to  the  development 
of  serious  lesions  of  the  cornea,  conjunctiva,  and  eyelids.  After 
prolonged  obstruction,  a  chronic  inflammation  of  the  conjunctiva 
is  often  established.  This  may  spread  to  the  edges  of  the  eye- 
lids, causing  blepharitis  and  even  ulceration.  The  cornea  also 
often  becomes  affected  with  superficial,  ill-defined,  greyish-white 
opacities  and  ulcers.  Any  operation  involving  wound  of  the 
cornea,  such  as  that  of  iridectomy  or  extraction  of  cataract,  that 
might  be  performed  under  this  condition  of  lachrymation,  would 
be  seriously  interfered  with ;  the  wound  healing  but  slowly  if 
at  all,  and  suppuration  being  very  easily  provoked. 

Treatment  must  be  directed  to  the  permanent  cure  of  the 
stricture. 

I.  Wlien  there  is  no  abscess  of  the  sac,  hut  only  swelling, 
or  even  only  lachrymation^  the  lower  canaliculus  should  be  slit 
up  in  the  manner  indicated  above  (p.  42),  and  a  probe  should 
be  passed  through  the  stricture  at  once.  It  should  be  passed 
again  within  forty-eight  hours  to  prevent  the  closing  up  of 
the  canaliculus,  and  the  operation  should  be  repeated  twice  or 
thrice  a  week  until  lachrymation  has  ceased,  and  all  symptoms 
of  obstruction  have  disappeared.  Even  then  it  is  well  to  con- 
tinue the  probing  once  a  week  for  a  few  times. 

The  kind  of  probe  used  is  a  matter  of  little  importance  so 
long  as  it  is  of  the  right  calibre,  and  is  passed  in  the  proper 
direction — viz.  downwards  and  rather  outwards  and  backwards. 
Many  varieties  of  probes  are  now  in  use.     Those  of  Couper  are 
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curved  in  opposite  directions  towards  eacli  end,  and  instead  of 
being  of  equal  calibre  throughout  they  are  bulbous  towards  each 
extremity,  as  shown  in  fig.  20.    These  probes  number  fror/i  1 


Fig.  20.— Set  of  Probss  for  the  Nasal  Duct. 

to  8,  No.  1  being  about  1  mm.  across  the  bulb,  No.  8  about  3'5 
mm.,  and  the  remainder  of  intermediate  sizes.  There  are 
numerous  other  varieties  of  probes  which  it  is  not  necessary  to 
describe. 

The  mode  of  introducing  the  probe  is  similar  to  that  of  intro- 
ducing the  canaliculus  knife  (see  tig.  21).    It  is  passed  horizon- 
tally along  the  canaliculus  until  it  reaches  the  inner  wall  of  the 
lachrymal  sac,  the  lower  lid  being  kept  tense  by  the  thumb  of 
the  opposite  hand.    The  probe  is  known  to  be  well  inside  the 
sac  by  the  resistance  offered  by  the  lachrymal  bone,  and  by  the 
absence  of  dragging  on  the  skin  of  the  lower  lid.    The  end  of 
the  probe  being  kept  in  contact  with  the  inner  wall  of  the  sac, 
it  must  now  be  brought  from  the  horizontal  to  the  vertical 
position  and  pushed  down  the  duct.    The  direction  of  the  duct, 
as  we  have  seen,  is  downwards  and  slightly  backwards  and  out- 
wards ;  pretty  firm  pressure  can  be  made  in  this  direction.  I 
usually  commence  with  a  probe  of  2  mm.  diameter ;  if  this 
passes  easily,  I  try  the  next  size  larger  ;  if  it  does  not  pass 
without  great  force,  I  try  smaller  sizes  until  one  is  found  which 
will  pass  through  the  stricture.     It  seldom  happens  that  a 
stricture  is  so  tight  that  it  will  not  admit  a  probe  of  0-5  mm. 
diameter.     Thus  we  are  enabled  to  form  an  estimate  of  the 
extent  and   the  nature  of  the  constriction.     One  of  three 
methods  can  now  be  adopted— viz. :  1.  Gradual  dilatation,  by 
slightly  increasing  the  diameter  of  the  probe  used  at  each 
sittino-      2.  Bapid  dilatation,  by  the  passage  at  one  sitting 
of  a  p'J-obe  of  2-5  mm.  to  3 -5  mm.,  and  continuing  this  practice 
at  after-sittings.    3.  The  incision  of  the  stricture  by  means  of 
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a  knife,  and  the  subsequent  passage  of  probes.  This  is  of  great 
service  in  very  tight  strictures.  The  best  knife  for  this  purpose 
is  that  of  Stilling^.  It  is  introduced  into  the  lachrymal  sac 
in  the  same  way  as  the  probe,  and  then  forced  down  in  the 

E 


Fig.  21.— Probe  in  .First  and  Second  Positions. 


direction  of  the  duct  two  or  three  times  in  succession,  the 
blade  being  turned  in  different  directions  at  each  passage,  after 
which  probes  of  1  mm.,  2  mm.,  or  3  mm.  can  be  passed.  Other 
knives,  such  as  those  of  Bowman  and  Weber,  can  be  used  for 
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this  purpose,  but,  owing  to  their  brittleness  and  delicacy,  their 
blades  are  apt  to  be  left  in  the  stricture. 

II.  When  tliere  is  ahscess  of  the  sac,  and  fistula  has  not  yet 
formed,  an  immediate  effort  should  be  made  to  give  free  exit 
to  the  pus.    This  should,  if  possible,  be  effected  by  slitting  up 
one  of  the  canaliculi ;  if,  however,  the  swelling  is  so  great  as  to 
prevent  this,  a  puncture  should  be  made  by  thrusting  a  small 
scalpel  through  the  skin  1  cm.  below  the  inner  canthus,  the 
direction  of  the  cut  being  downwards  and  outwards.  When 
fistula  has  been  established  by  rupture  of  the  abscess,  or  when 
the  abscess  has  been  opened  by  incision  and  the  swelling  has 
subsided,  the  lower  canaliculus  should  be  slit  up  so  as  to 
establish  a  free  exit  for  any  pus  that  may  yet  be  retained  in 
the  sac  or  may  be  afterwards  formed.    Probing  must  now  be 
attempted  ;  but  should  there  be  any  difficulty  of  introduction 
to  the  nasal  duct,  it  is  well  to  wait  a  few  days  for  subsidence 
of  inflammatory  swelling  of  the  mucous  membrane  of  the  sac 
and  duct.     Then  a  small  probe  can  generally  be  introduced, 
and  gradual  or  rapid  dilatation  or  incision  by  Stilling's  method 
may  be  performed.     These  inflammations  of  the  sac,  whether 
chronic  or  acute,  very  frequently  yield  to  treatment  by  dilata- 
tion only  ;  but  in  some  cases,  especially  where  there  has  been 
much  suppuration,  the  cure  is  often  accelerated  by  local  astrin- 
gents.   An  excellent  astringent  and  antiseptic  for  this  purpose 
is  to  be  found  in  the  use  of  a  2  per  cent,  to  4  per  cent,  solution 
of  pure  boracic  acid.    It  should  be  injected  into  the  sac  by 


Fig.  22.— Anel's  Syringe  for  Injecting  Lachrymal  Sac. 


means  of  a  syringe,  the  nozzle  of  which  (fig.  22,  1  or  3)  can  be 
easily  introduced.  Other  solutions  than  that  of  boracic  acid  can 
be  used  for  this  purpose,  such  as  those  of  alum,  sulphate  of  zinc, 
and  lapis  divinus  of  the  same  strength.     Solution  of  nitrate  of 
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^silver  of  strength  \  per  ceut.  is  beneficial  in  some  cases,  more 
•especially  wliere  the  discharge  is  markedly  purulent. 

It  sometimes  happens  that  there  is  a  tendency  to  closure 
•by  cicatrisation  of  the  entrance  to  the  sac,  which  renders  the  in- 
troduction of  the  probe  difficult  at  each  sitting.  In  such  a  case 
the  insertion  of  a  small  silver  or  lead  style  of  the  shape  shown 
in  fig.  23  is  very  convenient.  A  probe  should  first  be  passed 
to  ascertain  the  length  of  the  duct,  and  a  style  of  proper  length 


Fig.  23.— Style  for  Nasal  Duct. 

being  chosen,  its  upper  end  should  be  bent  at  right  angles  to 
the  extent  of  4  mm.  or  5  mm.  It  is  then  introduced  so  that 
its  lower  end  rests  on  the  floor  of  the  nose,  and  its  upper  bent 
portion  lies  in  the  groove  of  the  open  canaliculus.  After  its 
introduction  it  must  be  Watched  lest  the  parts  become  inflamed, 
in  which  case  it  must  be  removed  and  re-inserted  after  a  few 
days  J  if  the  parts  remain  quiet,  it  can  be  allowed  to  remain 
for  several  weeks,  and  will  be  found  to  be  of  great  service,  the 
lachiymation  being  often  improved  even  whilst  the  patient  is 
wearing  the  style.  This  method  is  also  useful  in  ordinary  cases 
where  the  passage  of  the  probe  is  inconvenient  or  impossible 
owing  to  the  patient  living  at  a  distance,  or  being  unable  to 
attend. 

The  general  health  of  the  patient  should  be  carefully  looked 
after.  Fresh  air,  good  nourishing  diet,  tonic  medicines,  and 
local  cleanliness  are  very  important  here  as  in  other  surgical 
affections.  When  there  has  been  great  distension  of  the  sac, 
its  restoration  is  much  facilitated  by  gentle  pressure  in  the  form 
of  a  compress  and  light  bandage. 

In  certain  obstinate  cases,  where  overflow  of  the  tears  still 
persists  after  all  the  efforts  above  indicated  have  failed,  the 
extirpation  of  the  lachrymal  gland  is  recommended.  The  re- 
moval of  this  organ  (see  p.  41)  has  been  repeatedly  performed 
without  injurious  results;  and  the  operation  is  well  spoken  of 
by  Lawrence,  Abadie,  and  other  surgeons. 

Obliteration  of  the  lachrymal  sac,  by  means  of  the  actual 

K  2 


52    AFFECTIONS  OF  THE  LACHRYMAL  APPARATUS. 


cautery,  strong  caustics,  as  the  potassa  cuin  calce,  chloride  of 
zinc,  &c.,  is  also  occasionally  practised  by  some  surgeons  in 
obstinate  ulceration  of  that  oi-gan,  the  sac  being  first  laid  open 
by  a  free  external  incision.  I  have  never  had  occasion  to  resort 
to  this  heroic  treatmentr 

The  above  methods  of  treatment  are  strongly  objected  to  by 
some  surgeons  ontlie  grounds — (1)  that  the  lachrymal  sac  acts  as 
an  aspirator  to  the  tears,  and  that  its  action  as  such  is  impaired 
by  an  artificial  opening ;  (2)  that  the  normal  condition  of  the 
nasal  duct  is  that  of  a  capillary  tube,  or  a  system  of  such  tubes, 
and  that  the  passage  of  a  probe  of  above  0*75  mm.  or  1  mm.  in 
diameter  is  likely  to  destroy  this  capillary  action.  Perhaps 
the  best  answer  to  these  objections  is  to  be  found  in  the  fact 
that  so  many  cases  are  thus  successfully  treated  by  this  method ; 
and,  further,  that  those  who  condemn  this  practice  in  theory 
are  frequently  obliged  to  resort  to  it  in  practice,  although  they 
may  content  themselves  with  probes  rather  smaller  than  we  are 
accustomed  to  use. 

Fistula  of  the  lachrymal  sac  is  a  frequent  result  of  neglected 
inflammation.  It  consists  of  a  sinus  extending  from  the  sac  to 
the  skin  just  below  (about  1  cm.)  the  inner  canthus.  The 
■opening  is  usually  small  and  gives  passage  to  the  tears  and 
mucus  which  ought  to  pass  down  the  nasal  duct.  The  skin 
and  subcutaneous  tissue  in  the  vicinity  of  the  fistula  may  be  but 
little  affected,  but  is  usually  swollen  and  red ;  sometimes  there 
is  indolent  ulceration  extending  over  a  considerable  area  of  the 
cheek. 

Treatment  must  first  be  directed  to  the  stricture  (p.  44). 
This  being  so  improved  that  the  tears  can  flow  through  the 
nasal  duct,  we  may  attack  the  fistula.  In  slight  cases  the 
application  of  simple  astringents  by  means  of  a  compress  of 
lint  is  often  sufficient.  In  old,  inflamed,  and  ulcerated  cases 
this  is  not  sufficient.  Various  methods  of  promoting  their 
healing  are  employed,  such  as  paring-  the  edges,  the  galvano- 
cautery,  &c.  I  have  found  the  most  speedy  and  efficient  help 
in  these  chronic  cases  from  the  use  of  the  lupus  scoop.  I  first 
open  up  the  canaliculus  and  nasal  duct,  and  then  proceed  to 
scrape  awav  all  the  red  unhealthy  surrounding  skin  as  well  as. 
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the  ulcerated  surface.  Tlie  process  is  very  painful,  and  requires 
an  ansesthetic.  When  the  scraping  is  effectually  done,  there  is 
considerable  oozing  of  blood.  Water-dressing  is  applied,  and 
the  surface  usually  heals  rapidly.  To  prevent  or  lessen  cica- 
tricial contraction,  I  usually  graft  some  patches  of  skin  from 
another  part  of  the  body  in  the  same  way  as  indicated  on  p.  32  ; 
this  accelerates  the  healing  of  the  wound. 
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CHAPTER  III. 

ON  THE  AFFECTIONS  OF  THE  CONJUNCTIVA. 

ANATOMY  AND  PHYSIOLOGY — THE  VARIETIES  OF  CONJUNCTIVITIS— SPRING- 
CATAEEH  —  PTERYGIUM  —  PINGUECULA  —  AMYLOID  DEGENERATION  — 
XEROSIS— PEMPHIGUS — SARCOMA— LUPUS— INJURIES. 

The  Conjunctiva. 

Anatomy  and  Physiology. — The  health}^  conjunctiva  varies 
veiy  slightly  in  different  individuals  ;  in  the  dark  races  it  is  the 
rule  to  find  it  somewhat  pigmented,  in  white  people  it  is  the 
exception. 

For  convenience  of  description  the  conjunctiva  is  dividedl 
into  three  portions — the  iialijehral,  the  ocular,  and  the  culs-de-sac ; 
the  latter  are  the  reflections  of  the  membrane. 

The  iialfehral  lines  the  posterior  surface  of  each  lid,  and 
has  already  been  described  (p.  4).  Its  vascularity,  apart  from 
local  causes,  affords  a  valuable  indication  of  the  state  of  the- 
circulatory  system,  being  blanched  in  anaemic  subjects,  bright 
red  in  plethoric  persons.  The  ocular  conjunctiva  covers  the 
anterior  third  of  the  globe,  and  is  subdivided  into  scleral  and 
corneal. 

The  scleral  portion  is  a  thin,  loose,  and  almost  transparent 
membrane  which  glides  freely  over  the  subjacent  sclera  and 
capsule  of  Tenon.  At  the  sclero-corneal  junction  it  is  slightly 
thickened  {limhus  covjunctivce),  and  in  it  the  conjunctival  vessels, 
terminate  in  vascular  loops,  which,  under  pathological  conditions 
bud  out  between  the  corneal  epithelium  and  Bowman's  mem- 
brane, giving  rise  to  the  condition  known  as  ■pannus.  CEdema  of 
the  limbus  causes  it  to  swell  and  overlap  the  cornea  (cliemosis). 
Above  and  below,  the  ocular  conjunctiva  is  continuous  with  the 
fornices  Internally,  it  forms  a  semilunar  fold  ( pZica  semilunans), 
upon  which,  and  slightly  internal  to  it,  is  situated  a  small 
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crvanular  and  vascular  elevation  (caruncula  lachrymalis) ;  these 
constitute  Nature's  steps  for  the  exit  of  foreign  bodies,  which, 
having  entered  the  palpebral  sac,  are,  by  the  action  of  the  orbi- 
cular muscle,  and  by  the  flow  of  tears,  directed  towards  the 
inner  canthus.    The  plica  semilunaris  is  considered  to  be  the 
rudiment  of  the  membrana  niditcms  or  iKilpehra  tertia,  present 
in  birds  and  most  quadrupeds.   The  concavity  of  the  fold  points, 
outwards.    The  caruncle  is  composed  of  vascular  connective 
tissue  covered  by  modified  skin,  upon  which  a  few  fine  hairs, 
may  be  seen.    The  conjunctival  vessels  are  derived  chiefly  from 
the  muscular  and  lachrymal  branches  of  the  ophthalmic  artery. 
Tbey  can  rarely  in  a  healthy  membrane  be  traced  to  the  corneal 
margin  ;  in  inflammatory  changes,  however,  the  extreme  vas- 
cularity of  the  ocular  conjunctiva   becomes  apparent.  The 
microscopic  structure  consists  of  stratified  epithelium  supported 
upon  a  loose  fibro-vascular  membrane,  in  which  nerves  and 
lymphatic  vessels  are  found.    The  latter  form  a  well-developed 
network,  diminishing  in  size  towards  the  corneal  margin,  where 
they  are  connected  with  the  cell-spaces  of  the  cornea.  The 
corneal  conjunctiva  is  entirely  epithelial  (see  Cornea). 

Thefornices  (culs-de-sac,  retrotar sal  folds)  of  the  conjunctiva 
are  the  reflections  of  that  membrane  from  the  eyelids  on  to  the 
globe.  They  form  a  favoimte  hiding-place  for  foreign  bodies, 
micro-organisms,  &c.  Their  value  lies  in  shutting  off  the 
cavity  of  the  orbit  from  the  external  world,  and,  at  the  same 
time,  from  their  laxity,  offering  no  impediment  to  the  move- 
ments of  the  eyeball.  The  lower  cul-de-sac  is  readily  exposed 
by  drawing  down  the  lid  when  the  patient  is  looking  up.  This 
is  not  the  case  with  the  upper,  which  is  hard  to  examine 
thoroughly;  after  everting  the  upper  lid,  gentle  but  firm 
pressure  is  made  upon  the  eyeball  in  an  upward  and  backward 
direction,  the  patient  looking  down  all  the  while.  The  pressure 
on  the  globe,  of  course,  is  made  with  the  intervention  of  the 
lower  lid.  This  method  is,  after  a  little  practice,  readily  acquired. 
The  membrane  in  the  culs-de-sac  is  thicker  than  elsewhere,  and 
is  arranged  in  transverse  rugte. 

Microscopically,  this  portion  of  the  conjunctiva  consists  of 
epithelium  and  subepithelial  tissue  ;  the  former  is  of  the  strati- 
fied variety,  but  the  arrangement  of  its  cells  differs  from  the 
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epithelium  on  the  palpebral  and  ocular  conjunctiva.  The 
deepest  cells  are  short  and  cuboidal,  the  surface  cells  are 
triangular  with  a  long  apical  process  extending  downwai'ds 
towards  the  limiting  membrane  ;  intervening  are  spindle  and 
polygonal  cells.  The  subepithelial  tissue  is  composed  mainly 
of  fibro-vascnlar  connective  tissue,  containing  a  few  elastic 
fibres,  and  here  and  there  a  lymphoid  follicle.  Lymphoid 
follicles  can,  in  a  healthy  membrane,  always  be  found  in  the 
lower  cul-de-sac,  whereas  very  few,  if  any,  exist  in  the  upper. 
The  sub-epithelial  tissue  of  the  upper  fornix  is  limited  by  the 
muscle  of  Miiller,  some  fibres  of  which  are  reflected  around  it 
into  the  ocular  conjunctiva;  similar  unstriped  muscle-fibres 
limit  the  deeper  strata  of  the  lower  cul-de-sac. 

Inflammation  of  the  conjunctiva  (ophthalmia,  conjunctivitis) 
presents  a  variety  of  more  or  less  typical  forms,  although  cases 
often  occur  which  seem  to  occupy  the  border-land  between  one 
form  and  another.    The  chief  classes  are  : 

( a.  Chronic. 
1.  Catarrhal  conjunctivitis  ! />.  Acute. 


c 


.  Follicular. 


_    „      ,    ,       •  -i-        Gonorrhceal  ophthahnia. 

2.  Purulent  con] unctivitis J     ^  ,  ,,  ,  . 

( h.  Ophthalmia  neonatoruui. 

3.  Granular  conjunctivitis. 

4.  Membranous  conjunctivitis]  f'  . 

[h.  Diphtheritic. 

5.  Phlyctenular  conjunctivitis. 

1.  Catarrhal  conjunctivitis.— (a)  Chronic  catarrhal  conjmic- 
tivitis  is  of  very  frequent  occurrence,  and  presents  itself  under 

different  aspects. 

Symptows.— In  mild  cases  the  symptoms  are  very  slight: 
there' is  slight  redness  of  the  palpebral  conjunctiva  and  of  the 
fornices,  increased  secretion  of  mucus,  sticking  together  of  the  lids 
on  awaking  in  the  morning,  and  a  sense  of  discomfort  and  gritty 
feeling  in  the  eyes,  more  especially  in  the  evening  and  by  artificial 
light.  In  more  severe  cases  these  symptoms  £ive  exaggerated ;  the 
patient  complains  of  difficulty  in  keeping  the  eyes  open,  especially 
in  the  evening,  although  they  may  feel  pretty  well  by  day.  There 
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is  a  sense  of  pricking  and  irritation  in  the  eyes  as  if  from  the 
presence  of  an  eyelash  or  of  sand  in  the  eyes.  The  vision,  also, 
is  troubled,  and  artificial  lights  are  often  surrounded  by  haloes 
or  rainbow  colours.  Otlier  unpleasant  sensations  may  occur,  as 
burning,  itching,  early  fotigue  in  using  the  eyes  for  fine  work. 
In  the  morning  the  eyelids  are  gummed  together  by  a  dry 
yellowish  secretion,  which  can  be  seen  at  the  roots  of  the  lashes 
and  at  the  inner  canthus.  It  chiefly  occurs  in  adolescents  and 
in  old  people.  Its  duration  is  variable,  but  frequently  very 
persistent  and  diflicult  of  cure. 

Gomplications  may  occur  if  proper  treatment  is  neglected  ; 
the  chief  of  these  is  inflammation  of  the  edges  of  the  lids 

 blepharitis — owing  to  the  irritation  caused  by  increased 

lachrymation,  and  by  adhesion  and  incrustation.    The  overflow 


Fig.  2-t.— Chronic  Catarrhal  Conjunctivitis.    (Photomicrograph  x  .300.) 
E,  epithelium ;  c,  infiltrated  connective  tissue. 

of  tears  also  causes  eczematous  contraction  of  the  lower  lid  so 
that  it  becomes  everted  and  the  inferior  lachrymal  punctum 
displaced. 

Fafholor/i/.—Fig.  24  shows  a  section  of  the  conjunctiva  in  this 
affection.  The  epithelial  layer  e  is  but  little  affected,  and  the 
basement-membrane  is  quite  distinct,  whilst  the  subepithelial 
■connective  tissue  c  is  seen  to  be  filled  with  leucocytes. 
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Causes. — (1)  A  previous  attack  of  acute  catarrhal  conjunc- 
tivitis which  has  passed  into  a  chronic  stage.  '  (2)  Defective 
liygienic  conditions,  vitiated  air,  smoke,  dust,  crowded  dwellings,, 
sitting  up  late  at  night,  excessive  indulgence  in  strong  drink.  (3) 
Overwork  of  the  eyes,  especially  by  hypermetropic  and  astigmatic 
subjects,  imdoubtedly  leads  to  hypertemia  of  the  conjunctiva, 
and  so  tends  to  produce  chronic  catarrh.  (4)  Local  irritation,  as- 
from  the  presence  of  a  foreign  body  in  the  palpebral  sac.  (5)  A 
gouty  constitution,  especially  when  associated  with  an  overloaded 
portal  system  and  deficient  exercise.  (6)  The  lachrymal  passages- 
are  often  wanting  in  patency. 

Treatment  consists  :  (1)  In  the  removal  as  far  as  possible- 
of  all  local  and  general  causes  of  irritation.    Proper  regula- 
tion of  the  mode  of  life  and  of  hygienic  conditions.     (2)  In 
mild  cases,  the  application  of  a  1  per  cent,  solution  of  nitrate- 
of  silver  to  the  everted  lids  at  intervals  of  three  or  four  days, 
combined  with  the  use  of  cold  wet  compresses  of  2  per  cent, 
solution  of  boric  acid  applied  for  fifteen  minutes  three  times- 
daily,  and  the  use  of  simple  ointment  to  prevent  adhesion  of  the 
lids  during  sleep.    In  the  more  severe  cases  the  same  treatment 
applies,  but  the  silver  solution  should  be  stronger  (2  per  cent.) 
and  the  lotion  of  a  more  astringent  nature,  such  as  sulphate  of 
zinc,  lapis  divinus,  tannin,  alum,  and  others — from  ^  to  1  per 
cent.    It  is  well  to  change  these  lotions  from  week  to  week, 
as  they  seem  to  lose  their  beneficial  eflFect  when  used  for  a  long- 
period.    The  wet  lint  should  be  applied  loo.sely  over  the  eyelids, 
and  the  patient  should  open  the  eyes  so  as  to  allow  the  lotion  to- 
enter  the  palpebral  sac.    (3)  It  is  always  well,  especially  where- 
lachrymation  is  complained  of  to  syringe  the  lachrymal  sac 
and  nasal  duct  with  the  lachrymal  syringe  (fig.  22)  in  order  to 
be  sure  that  there  is  no  obstruction. 

(h)    Acute    catarrlbal  rMnjimdiviiis  (catarrhal  ophthalmia,, 
muco-purulent  conjunctivitis,  blight). 

Symxitoms. — The  conjunctiva  of  the  lids  is  intensely  injected, 
and  in  more  severe  cases  the  ocular  conjunctiva  is  also  affected. 
According  to  the  degree  of  severity  of  the  attack,  so  is  there- 
much  or  little  swelling  of  these  parts  as  well  as  of  the  plica, 
semilunaris  and  of  the  eyelids.    Frequently  small  ecchymoses- 
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can  be  seen  on  the  swollen  mucous  membrane.    There  is  in- 
creased secretion  of  tears,  and  a  copious  muco-purulent  discharge. 
The  lymph  appears  in  small  or  large  flakes,  floating  mthe  lower 
cul-de-sac.    The  more  severe  the  inflammation,  the  greater  is 
the  amount  of  discharge  and  the  more  purulent  its  character  ; 
indeed,  in  the  severe  forms  of  acute  catarrhal  conjunctivitis,  where 
there  is  much  purulent  discharge  and  great  oedetoa  of  the  lids,  it 
is  sometimes  difficult,  at  first,  to  distinguish  the  afl-ection  from 
gonorrhceal  ophthalmia.    During  the  course  of  a  few  days,  how- 
ever, the  swelling  subsides,  the  discharge  diminishes,  and  the 
diagnosis  is  assured.    The  lids  become  firmly  closed  during  sleep, 
so  that  they  can  only  be  opened  after  fomentation  with  warm 
water.    The  patient  complains  of  copious  lachryraation,  intole- 
rance of  light,  pricking  and  burning  in  the  eyes.    The  intensity 
of  these  vary  with  the  intensity  of  the  attack.    As"a  rule,  there 
is  not  much  pain,  unless  some  complication,  such  as  ulcer  of  the 
cornea,  or  iritis,  occur.    The  sensation,  generally,  is  that  of  a 
foreign  body  in  the  eye.    The  vision  is  much  disturbed  by  the- 
presence   of  mucus  or  muco-pus  upon  the  cornea.    All  the 
symptoms  are  more  marked  in  the  evening  than  in  the  morning, 
especially  by  artificial  light. 

This  afiection  usually  yields  to  treatment  in  from  eight  to 
fourteen  days ;  after  that  time  it  either  gets  quite  well  or  passes 
into  the  chronic  stage.  It  usually  attacks  both  eyes,  either 
simultaneously  or  within  a  few  days  of  each  other.  It  is  some- 
times complicated  by  corneal  ulcers  and  iritis.  Small  grey 
ulcers  appear  at  the  edge  of  the  cornea,  which  in  a  few  days  may 
unite  so  as  to  form  a  crescentic  ulcer  involving  a  considerable 
portion  of  the  circumference.  The  iritis  may  be  caused  by  the 
ulcer,  but  it  sometimes  exists  without  the  presence  of  ulcera- 
tion. 

Causes. — This  form  of  ophthalmia  is  considered  by  many  tO' 
be  due  to  a  specific  bacterial  poison.  Weeks  of  America  and 
Kartulis  of  Alexandria  have  described  an  organism,  which  they 
have  frequently  found  in  the  discharges  of  acute  catarrhal 
ophthalmia,  and  which  they  believe  to  be  characteristic  of  the 
disease.  I  have  now,  with  the  assistance  of  Mr.  John  G-riffith, 
made  repeated  examinations  of  these  cases,  and  have  found  an 
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organism  similar  to  theirs  in  many,  but  not  in  all,  cases.  It 
differs  from  the  gonococcus  in  not  occurring  in  pairs,  and  in  being 
a  bacillus  with  a  slight  central  constriction.  Further  researches 
are  necessary  before  we  can  be  positive  as  to  the  organism. 
There  is  no  doubt  that  atmospheric  influence  has  much  to  do 
with  this  disease :  it  is  not  a  simple  cold,  but  probably  some 
specific  infection  brought  to  the  eye  by  means  of  the  air.  It  is 
more  common  in  springtime,  but  is  frequently  seen  at  all 
times  of  the  year.  Frequently  it  is  epidemic.  It  commonly 
attacks  all  the  children  of  a  household,  and  often  the  adults 
as  well,  although  it  is  not  alwaj^s  possible  to  produce  the 
afiection  in  a  healthy  eye  by  simple  transposition  of  the  dis- 
charge from  one  eye  to  another. 

Treatment. — The  best  and  surest  remedy  is  to  brush  the 
everted  lids  and  culs-de-sac  with  a  2  per  cent,  solution  of 
nitrate  of  silver.  The  mucous  membrane  should  be  gently 
dried  with  a  piece  of  clean  lint  before  applying  the  silver.  This 
immediately  produces  a  thin  layer  of  albuminate  of  silver  over 
the  surface  touched.  The  excess  should  be  washed  away  with 
water  before  the  lids  are  replaced.  The  brushing  should  be 
repeated  every  morning.  It  is  followed  by  considerable 
j)ain  and  irritation  immediately  after  the  application,  but  these 
usually  pass  away  in  the  course  of  half  an  hour,  and  the  patient 
experiences  relief,  whilst  the  mucous  membrane  looks  paler  aiid 
less  inflamed.  When  the  patient  cannot  be  seen  daily  by  the 
sui'geon,  he  may  be  allowed  to  use  a  weaker  solution  of  nitrate 
of  silver  to  ^  per  cent.)  in  the  form  of  drops.  This  is  less 
satisfactory,  as  the  drops  must  come  in  contact  with  the  cornea, 
and  the  weak  solution  is  slower  in  action. 

In  addition  to  the  nitrate  of  silver,  it  is  well  to  place  cold 
compresses  of  a  solution  of  boric  acid  (2  per  cent.)  upon  the 
eyelids  for  half  an  hour,  every  few  hours,  and  to  use  a  simple 
ointment  to  the  edges  of  the  eyelids  to  prevent  their  adhesion 
during  sleep.  Besides  this,  the  eyes  should  be  cleansed  with 
warm  water  from  all  crusty  exudations,  and  protected  from  the 
light  by  means  of  a  large  shade ;  this  is  better  than  closing 
them  up  with  a  handkerchief  or  bandage,  as  it  allows  the  dis- 
charges to  escape  more  freely  from  the  palpebral  sac. 

When  the  acute  condition  has  passed  into  a  chronic  state  it 
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must  be  treated  as  directed  under  the  head  of  Chronic  Catarrhal 
Conjunctivitis. 

((■)  Follicular  conjtmdivitis  is  recognised  by  the  presence  of 
small  transparent  elevations  upon  the  lids  and  the  culs-de-sac. 
These  may  be  associated  with  acute  or  with  chronic  catarrh, 
and  according  to  the  intensity  of  the  inflammation  so  will  their 
appearance  be  more  or  less  modified.  They  are  due  to  the  ab- 
normal development  of  the  lymphoid  follicles  which,  in  health, 
are  sparingly  scattered  in  the  subepithelial  tissue  of  the  con- 
junctival reflections  (fig.  25).     They  are  frequently  grouped 


Fig.  25.  --Follicular  Conjunctivitis.    (Photomicrograph  x  75.) 

together,  forming  surface  elevations  which,  though  smaller  than 
the  large  '  sago-grain '  prominences  of  typical  granular  ophthal- 
mia, are  nevertheless  easily  visible  to  the  naked  eye.  Besides 
these  well-defined  follicles,  which  are  made  up  of  lymphoid  tissue 
and  resemble  in  structure  the  solitary  glands  of  the  small  intes- 
tine, we  find  microscopically  a  lymphoid  cellular  infiltration  of 
the  subepithelial  tissue.  This  is  distinctly  marked  off  from  the 
epithelial  elements  by  the  basement-membrane,  as  well  as  from 
the  follicles  by  their  vascular  sui-rounding.  The  follicles  may  be 
situated  deeply  in  the  fibrocellular  tissue  or  immediately  beneath 
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the  epithelium ;  in  the  latter  case  they  may  or  may  not  produce 
prominences  on  the  conjunctival  surface. 

The  cause  of  their  unnatural  increase  is  uncertain.  The 
disease  is  more  frequently  found  in  youth  than  in  adult  life.  It 
is  very  common  in  crowded  dwellings,  pauper  schools,  orphan 
asylums,  aad  amongst  those  who  dwell  in  vitiated  atmosphere. 
It  is  often  produced  in  a  mild  degree  by  the  prolonged  use  of 
eseiine  drops  in  cases  of  chronic  glaucoma. 

The  treatment  is  the  same  as  that  for  chronic  catarrhal  con- 
junctivitis. The  symptoms  are  often  relieved  before  the  follicles 
have  disappeared,  but  by  persevering  treatment  these  will 
ultimately  take  their  departure  without  leaving  any  trace  of 
their  existence. 

It  will  be  seen  under  the  head  of  Granular  Ophthalmia  how 
■difficult  it  often  is  to  make  a  positive  diagnosis  in  these  two 
affections. 

2.  Purulent  conjunctivitis  (purulent  ophthalmia,  blen- 
aorrhoea)  is  an  acute  suppurative  inflammation  of  the  conjunctiva 
which  is  produced  by  inoculation  with  gonorrhoeal  virus,  and 
whose  copious  purulent  seci-efcion  can  likewise  produce  inocula- 
tion. For  convenience  of  description  and  treatment  it  is  divided 
into  two  classes — viz.  gonorrhoeal  ophthalmia  and  ophthalmia 
neonatorum. 

(a)  Gonorrhoeal  ophthalmia. — Symptoms. — It  commences  from 
■one  to  four  days  after  inoculation.  The  lids  become  swollen  and 
{Edematous,  so  that  the  patient  is  unable  to  open  the  affected  eye, 
iind  the  medical  attendant  may  be  unable  to  do  so  without  the 
use  of  a  retractor  (fig.  27).  The  conjunctiva  of  the  lids  and  of 
the  fornix  is  intensely  swollen,  and  that  of  the  globe  is  in  a  state 
of  chemosis.  In  severe  cases  of  acute  catarrhal  ophthalmia  we 
have  seen  that  the  lids  are  sometimes  much  swollen,  but  here  the 
infiltration  often  becomes  so  great  that  the  lids  are  quite  stiff 
and  brawny  ;  they  are  sometimes  so  thickened  that  they  can 
,only  be  everted  by  dividing  the  skin  at  the  outer  canthus.  The 
lymphatic  glands  immediately  in  front  of  the  ear  are  often 
swollen  and  tender.  The  disease  is  very  painful  during  the  first 
two  or  three  days.  This  is  called  the  period  of  infiltration  ;  the 
discharge  at  this  time  is  chiefly  composed  of  serum  mixed  with 
tears,  and  is  sometimes  even  bloodstained ;  tlie  swelling  of  the 
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1  ids  reaches  its  maximum .  Next  comes  tlie  period  of  supimration, 
in  which  the  discharge  becomes  intensely  purulent,  and  the 
swelling  of  the  lids  begins  to  show  signs  of  relaxation  by  the 
appearance  of  slight  wrinkling  of  the  skin.  The  pain  becomes 
decidedly  less,  and  the  swelling  of  the  conjunctiva  gradually 
diminishes.  In  favourable  cases  it  returns  to  the  normal  in  four 
or  five  weeks,  whilst  in  the  majority  there  follows  a  condition  of 
chronic  conjunctivitis  similar  to  that  already  described  as  chronic 
catarrhal  ophthalmia  ;  the  thickness  and  swelling  of  the  lids 
having  gone,  and  the  purulent  discharge  having  ceased,  the 
■conjunctiva  is  red,  rough,  velvety,  and  thickened,  especiallv  over 
the  tarsus. 

In  the  most  intense  cases  the  infiltration  is  sometimes  so 
severe  that  the  conjunctiva  is  no  longer  red,  but  assumes  a 
greyish-yellow  appearance,  whilst  a  stiff",  elevated,  grey  or  grey- 
red  wall  is  formed  around  the  circumference  of  the  cornea. 

Mild  cases  of  gonorrhoeal  ophthalmia  sometimes  occur,  in 
^vhich  there  is  less  pain,  less  infiltration  of  conjunctiva,  less 
swelling  of  the  lids,  and  even  less  discharge  of  pus  than  is  de- 
scribed above.  Such  cases  are  often  difficult  to  distinguish  from 
acute  catarrhal  conjunctivitis  (p.  58 j,  and  demand  tlie  most 
careful  attention  on  the  part  of  the  medical  attendant  in  order 
to  arrive  at  a  correct  diagnosis.  The  most  convincing  proof  of 
the  gonorrhoeal  nature  of  the  affection  is  the  presence  of  the 
gonococcus  of  Neisser  in  the  discharge ;  whilst  its  absence,  as 
proved  by  thorough  microscopic  examination,  is  strongly  in 
favour  of  the  case  being  one  of  acute  catarrh  only. 

The  presence  of  the  gonococcus  is  easily  ascertained  by  the 
use  of  a  ^  inch  oil-immersion  lens.  The  examination  is  made 
as  follows  :  Place  a  drop  of  the  discharge  on  a  cover-glass  ;  place  a 
second  cover-glass  over  this,  and  press  them  gently  together  so  as  to 
form  a  thin  layer  of  pus  on  each  ;  then  slide  them  apart  and  dry 
gently  over  a  gas  flame.  Place  a  drop  of  a  2  per  cent,  alcoholic 
solution  of  methylene  blue  upon  the  cover-glass,  and  leave  it  for 
thirty  seconds  ;  now  wash  away  with  care  the  excess  of  stain,  dry 
as  before,  and  mount  in  Canada  balsam.  It  is  now  ready  for 
microscopic  examination. 

The  appearance  of  the  organisms  is  shown  in  fig.  26.  They 
occur  mostly  in  pairs,  and  are  somewhat  kidney-shaped.  They 
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are  fountl  in  the  epithelial  cells,  in  the  pus  cells,  and  in  the  fluid 
containing  these.  They  are  exactly  similar  to  the  organisms 
found  in  the  urethral  discharge  of  gonori-hoea. 

Comiilications. — The  complications  liable  to  accompany 
gonorrhcBal  ophthalmia  are  inflammation,  ulceration  and  slough- 
ing of  the  cornea,  iritis,  and  panophthalmitis.  The  cornea  should 
be  thoroughly  examined  every  day  by  carefully  separating  the 
eyelids  and  raising  the  upper  lid  by  means  of  a  lid  retractor 
(tig.  27). 

Corneal  ulcers. — The  first  sign  of  corneal  trouble  usually 
shows  itself  by  superficial  dulness  ;  this  may  be  only  partial  or 
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Fig.  2P. — Gonococci. 

may  occupy  the  entire  surface.  It  next  becomes  more  opaque, 
causing  a  milky-white  or  yellowish- white  appearance.  Ulcera- 
tion now  comiiaences  and  extends  deeply  into  the  substantia 
propria  of  the  cornea,  so  that,  owing  to  the  normal  intra-ocular 
pressure,  perforation  may  soon  take  place,  and  the  eye  is  thus 
placed  in  jeopardy.  Ulceration  often  occurs  near  the  circumfer- 
ence of  the  cornea,  leaving  the  central  portion  free,  or  only  hazy, 
rt  is  better  for  perforation  to  take  place  here  than  at  thecentre  of 
the  cornea,  as  the  latter  may  become  clear  after  the  attack  has 
])assed  off.  Sometimes,  however,  inflammation  occurs  all  around 
the  corneal  margin,  giving  rise  to  a  ring-abscess,  and,  by  thus 
interferino- with  its  mitrition,  causes  total  sloughing. 
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The  earlier  in  tlie  course  of  the  disease  the  cornea  becomes 
affected,  the  greater  is  the  danger  of  ultimate  loss  of  sight ;  hence 
the  importance  of  making  a  carefal  examination  of  the  cornea 
each  day  after  the  onset  of  the  disease.  Should  this  become  hazy 
or  ulcerated  during  the  first  few  days,  it  must  be  regarded  as  a 
sign  of  great  danger.  On  the  other  hand,  when  ulceration  only 
makes  its  appearance  after  the  tenth  day,  it  is  less  likely  to 
cause  total  destruction  of  sight,  and,  with  careful  treatment, 
may  not  extend  so  deeply  into  the  substantia  propria  as  to  cause 
perforation,  but  may  heal  up  with  very  slight  loss  of  tissue  and 
even  of  transparency.  These  late-appearing  ulcers  occasionally 
occur  without  previous  opacity  ;  they  generally  occupy  only  a 
portion  of  the  surface. 

Iritis  may  occur  without  coi-neal  trouble  ;  it  is  usually  pre- 
sent when  the  cornea  is  ulcerated,  especially  when  perforation 
has  taken  place. 

Panophthalmitis. — When  the  ulcer  is  large  and  occupies  the 
central  portion  of  the  cornea,  there  is  first  a  bulging  of  Des- 
cemet's  membrane  in  the  form  of  a  pouch,  into  which  the  iris  is 
pushed ;  then  perforation  takes  place,  and  the  iris  protrudes  from 
the  aperture.  Thus  exposed  to  the  purulent  discharge,  inflam- 
mation is  immediately  increased  and  conveyed  to  the  ciliary 
body,  the  choroid  and  all  the  remaining  tissues  of  the  eye  causing 
acute  panophthalmitis.  Sometimes  even  the  crystalline  lens 
and  part  of  the  vitreous  body  will  escape  from  the  corneal  open- 
ing. After  severe  perforation  and  inflammation  of  this  kind 
there  is  but  little  hope  of  restoration  of  vision,  the  corneal  tissue 
which  remains  being  usually  opaque,  and  the  iris  being  either 
clamped  in  the  cicatrix  or  adherent  to  its  posterior  part. 

Causes. — The  only  cause  of  this  terrible  disease  is  infection 
from  the  genitals  or  from  a  similarly  affected  eye,  either  of  the 
patient  or  of  another  person,  Tne  poison  may  be  conveyed  by 
the  finger,  by  pocket-handkerchiefs,  by  towels,  or  in  other  ways. 

Treatment. — Prophylactic  measures  constitute  not  the  least 
nuportant  part  of  the  treatment.  If  one  eye  only  is  attacked, 
the  other  must  be  protected.  Patients  suffering  from  gonorrhoea 
should  be  warned  of  the  danger  attending  the  introduction  of 
discharge  from  the  genitals  into  the  eyes  of  themselves  and 
others,  either  directly  by  the  finger  or  indirectly  by  means  of 
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towels,  handkei'cliiefs,  or  other  things.  The  medical  attendants 
and  others  who  may  have  charge  of  the  patient  should  be  most 
■careful  of  their  own  eyes. 

To  jproteot  the  sound  eye  Buller's  shield  may  be  employed. 
This  has  th.e  double  advantage  of  giving  the  patient  a  certain 
amount  of  vision  and  of  enabling  the  surgeon  to  examine  the 
eye  without  disturbing  its  dressings.  It  is  constructed  as 
follows :  Take  a  watch-glass  and  two  pieces  of  very  adhesive 
plaster,  one  about  in.  square  and  the  other  4  in,  square ;  cut 
a  round  hole  slightly  smaller  than  the  watch-glass  in  the  middle 
of  each  piece  of  plaster.  Then  insert  the  watch-glass  between 
the  two,  and  stick  them  together  so  as  to  form  a  small  window. 
Now  arrange  the  plaster  by  its  free  edge  along  the  nose,  fore- 
head, and  cheek. 

The  sound  eye  may  also  be  protected  by  clean  lint  or 
Gamgee  tissue  and  a  bandage,  but  in  this  case  it  should  be 
examined  daily  and  re-dressed  at  once. 

In  treating  the  affected  eye,  the  indications  are  to  cut  short 
the  inflammatory  process,  to  reduce  excessive  pressure  upon  the 
globe  by  the  swollen  lids  and  retained  secretions,  and  to  treat 
any  complications  that  may  arise. 

In  the  first  stage — the  stage  of  infiltration,  before  suppuration 
has  set  in — iced-water  compresses  of  lint  should  be  laid  gently 
over  the  closed  lids  and  changed  at  frequent  intervals  as  soon 
as  they  seem  to  get  warm.    If  pain  and  infiltration  are  severe, 
six  to  twelve  leeches  should  be  applied  to  the  outside  of  the 
lids.    The  palpebral  sac  should  be  frequently  washed  out  with 
solution  of  corrosive  sublimate  1  in  4,000 ;  this  should  be  done 
at  least  every  hour.  If  the  lids  are  so  stiff  and  swollen  that  they 
cannot  be  separated  by  means  of  the  lid  retractors  (fig.  27),  the 
outer  canthus  must  be  divided.    One  blade  of  a  pair  of  strong 
scissors  being  placed  inside  the  sac  and  the  other  outside,  all  the 
structures  are  freely  divided  as  far  as  the  outer  angle  of  the 
orbit.   This  gives  rise  to  free  haemorrhage  and  escape  of  serum  ; 
it  relieves  the  tension  of  the  lids  and  their  consequent  pressure 
upon  the  globe ;  it  often  diminishes  the  pain,  and  it  enables  the 
surgeon  not  only  to  separate  the  lids  and  so  irrigate  the  palpebral 
sac  but  also  to  evert  them  and  examine  the  palpebral,  con- 
junctiva and  the  upper  and  lower  culs-de-sac.    Bleeding  should 
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Tae  encouraged  by  fomentation  for  a  short  time,  and  then  the 
iced-water  dressings  should  be  re-applied.  After  the  cure  of  the 
ophthalmia  the  lids  can  be  easily  restored  to  their  former  condi- 
tion by  a  cantho-plastic  operation,  should  they  require  it. 

As  soon  as  the  stage  of  siLiopuration  has  set  in,  we  use  a  2  per 
cent,  solution  of  nitrate  of  silver  once  in  twenty-four  hours  in 
^iddition  to  the  other  local  applications.  The  palpebral  sac  is  first 
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-cleansed  by  irrigation  with  the  sublimate  solution  ;  the  lids  are 
then  everted  and  carefully  dried  with  a  piece  of  dry  lint,  and  the 
nitrate  of  silver  is  applied  with  a  small  brush  and  allowed  to 
remain  for  about  a  minute,  when  it  is  washed  away  with  subli- 
mate solution  and  the  lids  carefully  restored  to  their  normal  posi- 
tion. The  condition  of  the  cornea  should  be  carefully  examined 
at  this  time,  and  a  drop  of  atropine  sulphate  solution  (-^  per 
cent.)  applied  in  order  to  keep  the  pupil  dilated,  in  case  of  iritis. 

The  duration  of  this  kind  of  treatment  varies  with  the  nature 
of  the  case :  it  may  have  to  go  on  for  ten  to  twenty  days.  In 
shght  cases,  where  swelling,  pain,  and  suppuration  are  not  ex- 
cessive, the  irrigation  with  sublimate  and  the  daily  application 
of  the  nitrate  of  silver  may  suffice  to  cure  the  affection  in  a  com- 
paratively short  time. 

When  the  third  or  chronic  stage  is  reached— that  is,  when  the 
swelling,  suppuration,  and  pain  have  departed,  leaving  only  a 
velvety  or  granular-looking  thickened  palpebral  conjunctiva  and 
■a  muco-purulent  discharge— the  case  must  be  treated  with 
milder  astringents  in  the  same  way  as  a  case  of  chronic  catarrhal 
•conjunctivitis. 

Complications. — The  most  serious  complication  in  gonorrhoeal 
•ophthalmia  is,  as  we  have  just  mentioned,  ulceration  of  the 
cornea.  It  behoves  us,  therefore,  to  be  very  careful  and  gentle 
ni  the  manipulation  of  the  eye  and  the  eyelids,  during  the  neces- 
sary and  numerous  examinations,  not  to  cause  any  abrasion  of  the 
•corneal  epithelium  and  so  favour  the  entrance  of  the  virus  into 
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the  deeper  layers  of  tlie  cornea.  For  this  reason  irrigation  by 
means  of  cotton-wool  or  lint  is  preferable  to  the  use  of  a  syringe. 
For  the  same  reason,  when  a  slight  ulcer  is  found  to  exist  we 
must  be  careful  not  to  aggravate  it ;  and  when  an  ulcer  has  pro- 
ceeded to  the  point  of  perforation  this  carefulness  is  all  the  more 
necessary. 

In  very  severe  and  extensive  ulcers  almost  all  treatment  is 
powerless  to  prevent  the  destruction  of  the  corneal  tissue. 

When  tdcer  of  the  cornea  exists,  the  treatment  of  the  case  re- 
quires to  be  modified.  The  eye  must  be  lightly  bandaged  so  as 
1  o  give  suppoi"t  to  the  cornea  through  the  lids.  The  bandage 
must  be  removed  at  intervals  and  the  irrigation  with  weak 
sublimate  solution  performed.  Atropine  and  cocaine  solution 
may  then  be  dropped  in ;  it  will  dilate  the  pupil  and  soothe  pain. 
If  suppuration  is  abating,  it  would  be  well  now  to  discontinue 
the  daily  use  of  nitrate  of  silver  to  the  lids  ;  but  if  not,  this 
must  be  continued,  great  care  being  exercised  not  to  allow  the 
application  to  extend  to  the  cornea.  Iodoform  ointment,  1  per 
cent.,  may  be  placed  in  the  palpebral  sac.  Iced-water  compresses 
had  better  be  substituted  by  warm  fomentations  every  few  hours. 
If  a  perforation  should  occur  near  the  margin  of  the  cornea, 
eserine  drops  may  be  used  instead  of  atropine,  with  the  view  of 
contracting  the  pupil  and  so  preventing  prolapse  of  the  iris;  if 
perforation  is  central,  the  atropine  should  be  continued  with  the 
hope  of  keeping  the  iris  out  of  the  central  opening ;  this,  how- 
ever, is  rarely  effected,  especially  where  the  perforation  is  at  all 
extensive. 

Besides  these  medical  remedies  for  the  complications  of  ulcer 
of  the  cornea,  we  must  also  resort  to  operative  treatment.  This 
should  commence  early  in  all  severe  cases,  and  should  not  be 
delayed  even  in  small  ulcers  when  these  do  not  quickly  respond 
to  the  medicinal  remedies  which  have  just  been  enumerated. 
The  best  and  most  reliable  way  of  checHng  the  rapid  inroads  of 
the  suppurating  ulcer  is  by  the  galvano-cautery. 

This  small  eye-cautery  should  be  used  at  a  dull  red  heat. 
The  patient  should  be  placed  under  chloroform,  as  in  this  inflamed 
condition  the  cornea  does  not  become  fully  anasthetised  by 
cocaine  The  cautery  should  be  thoroughly  applied  to  the  whole 
floor  of'  the  ulcer  and  made  to  touch  the  edges  of  the  healthy 
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tissues  avouud.  Tlie  object  of  the  cauterisation  is  twofold — first 
to  destroy  as  far  as  possible  the  infecting  virus  which  has  entered 
the  corneal  tissue,  and  secondly  to  give  free  outlet  to  the  pus 
which  has  formed.  The  instrument  thus  used  may  perforate  the 
cornea.  If  hypopyon  already  exists,  this  may  be  desirable,  but. 
otherwise  it  is  better,  if  possible,  to  leave  Descemet's  membrane 
intact,  and  so  prevent  protrusion  of  the  ii'is  and  other  possible 
consequences  of  perforation. 

The  older  method  (Stemisch)  of  incising  the  abscess  or  ulce.- 
quite  through  its  base  and  into  the  anterior  chamber  is  more 
likely  to  produce  the  sequelEe  just  mentioned ;  although,  failing 
cauterisation,  it  liberates  the  ]Dus  from  the  cornea,  and  so  tends 
to  prevent  that  total  destruction  of  tissue  which,  without  some 
aid  of  this  kind,  so  frequently  takes  place. 

After  the  operative  treatment,  the  local  medication  is  con- 
tinued as  before  mentioned. 
P       (&)  Ophthalmia  neonatorum,  or  purulent  conjunctivitis  occur- 
ring in  the  newly  born,  is  identical  with  that  just  described  as 
gonorrhoeal  ophthalmia. 

Cause.—  In  the  passage  of  the  child's  head  through  the  vagina 
the  eyelids  become  smeared  with  vaginal  and  urethral  secretion, 
and  as  soon  as  the  eyes  are  open  they  can  easily  become  inoculated 
with  any  gonorrhoeal  virus  that  may  be  contained  in  the  discharge; 
or,  supposing  the  discharge  to  be  free  from  gonorrhoeal  poison,  it 
is  equally  possible  for  an  acute  catarrhal  conjunctivitis  to  be  set 
up  in  the  same  way.  It  is  remarkable  that  a  very  slight  and 
old-standing  gonorrhoeal  discharge  will  set  up  a  very  acute 
gonorrhreal  ophthalmia  either  in  the  eyes  of  the  newly  born  or  in 
those  of  adults.  The  affection  usually  declares  itself  on  the 
second  or  third  day,  rarely  on  the  fourth  or  fifth  day.  Should  it 
€ome  on  at  a  later  date,  it  can  no  longer  be  attributed  to  the 
bn^th,  but  some  other  means  of  inoculation  must  have  been  in 
operation. 

Its  sxjmptoms  and  complications  are  essentially  the  same  as 
those  occurring  in  gonorrhasal  ophthalmia,  except 'that  they  are 
somewhat  less  pronounced  in  degree.  The  swelling  of  the  lids 
IS  less  hard  and  brawny ;  the  flow  of  pus  is  less  copious ;  the 
ocular  conjunctiva' is  not  so  much  affected,  as  shown  by  the  ab- 
sence of  any  extensive  chemosis.    The  cornea  is  less  liable  to 
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inflammation,  abscess,  or  ulceration.  If  ulcers  do  appear,  as  they 
frequently  do  in  neglected  cases,  they  are  less  rapid  and  destruc- 
tive in  tlieir  course. 

As  in  the  case  of  adults,  so  here  we  have  to  diagnose  between 
a  merely  acute  catarrhal  ophthalmia  and  a  virulent  affection 
arising  from  inoculation  with  gonorrhoeal  pus  from  the  genitals 
of  the  mother.  This  can  only  be  done  by  careful  microscopic 
examination  of  the  discharge,  as  described  on  p.  63. 

If  gonococci  are  absent,  we  are  justified  in  concluding  that 
the  case  is  not  one  of  gonorrhoeal  origin,  and,  therefore,  is 
neither  dangerous  nor  difficult  of  cure. 

Treatment. — As  with  adults,  so  with  the  newly  born,  the 
most  scrupulous  and  diligent  attention  should  be  given  to 
prophylactic  measures.  In  whatever  station  of  life  our  patient 
may  be,  it  is  always  a  safe  preventative  against  this  form  oi 
ophthalmia  to  thoroughly  disinfect  the  vagina  by  injections  of 
sublimate  solution  1  in  1,000  during  the  act  of  parturition. 
Secondly,  the  eyes  of  the  child  should  be  thoroughly  cleansed, 
if  possible  before  they  are  opened,  with  clean  lint.  During  the 
■first  hcctli  the  eyes  of  the  child  should  not  be  exposed  to  the  bath 
water ;  but  as  soon  as  the  rest  of  the  body  is  cleansed,  and  the 
child  wrapped  up,  the  eyes  should  first  be  cleansed  with  clean 
water  and  a  special  towel,  and  then  a  drop  of  2  per  cent,  solution 
of  nitrate  of  silver  should  be  dropped  into  each  eye.  If  this 
method,  which  was  introduced  by  Crede,  were  carefully  practised, 
this  frequently  occurring  and  dangerous  affection  would  be 
seldom  seen. 

Both  eyes  are  usually  attacked  in  children ;  but  if  only  one 
is  affected,  the  Buller's  shield  is  hardly  applicable  and  not 
necessary.  The  other  eye  should,  however,  be  closed  and  secured 
from  infection  by  lint,  cotton- wool,  collodion,  and  strapping.  It 
should  be  examined  once  daily. 

The  treatment  of  ophthalmia  neonatorum  is  the  same  m 
principle  as  that  for  adults,  but,  owing  to  the  tender  age  and 
delicacy  of  the  subject,  it  requires  a  few  remarks  as  to  detail. 
The  child  should  always  be  seen  at  least  once  in  twenty-four 
hours.  In  order  to  examine  the  eyes,  the  surgeon,  being  seated 
and  in  a  good  light,  directs  the  nurse  to  place  the  child's  head 
between  his  knees,  which  are  protected  by  a  towel.    He  then 


GRANULAR  OrilTHALMIA. 


71 


first  cleanses  the  eye  by  irrigation  Avitli  tepid  solution  of  cor- 
rosive sublimate  1  in  5,000.  He  next  everts  both  eyelids  and 
cleanses  them  ;  dries  them  with  soft  lint,  and  applies  a  2  per 
cent,  solution  of  nitrate  of  silver  to  their  surfaces ;  the  excess  of 
this  is  then  washed  off  and  the  lids  closed.  Having  done  this, 
he  separates  the  eyelids  by  means  of  two  retractors  (fig.  27)  in 
order  to  examine  the  cornea.  Should  this  be  at  all  cloudy,  a  little 
atropine,  ^  per  cent.,  must  be  dropped  in  to  dilate  the  pupil  in 
case  of  iritis.  Should  ulceration  of  the  cornea  be  found  to  exisi, 
it  must  be  treated  on  the  same  lines  as  have  just  been  described 
for  adults  (p.  68),  but  always  bearing  in  mind  the  greater 
delicacy  of  the  young  organism.  Before  suppuration  has  set  in, 
simple  and  thorough  cleansing  of  the  palpebral  sac  with  the 
sublimate  solution  and  cold  compresses  of  the  same  are  sufficient. 
After  suppuration  has  commenced,  the  daily  application  of  the 
2  per  cent,  silver-nitrate  solution  must  be  added.  In  these 
cases  the  latter  should  be  persevered  with  until  complete  cure 
is  effected,  otherwise  the  disease  is  apt  to  relapse.  In  a  case  of 
excessive  suppuration  it  is  sometimes  well  to  apply  the  nitrate 
of  silver  twice  daily.  The  object  of  this  apparently  severe 
remedy  is  germicidal.  The  caustic  destroys  the  superficial 
layers  of  epithelium,  which  are  immediately  cast  off,  and  so 
enables  the  silver  and  the  sublimate  to  act  upon  the  deeper 
layers  of  the  tissue  into  which  the  virulent  germs  have  pene- 
trated. In  sections  of  the  mucous  membrane  in  these 
gonorrhoeal  affections  the  gonococci  may  be  seen  abounding  in 
the  deeper  layers  of  the  epithelium.  If  we  find  the  cornea  clear 
in  a  case  of  ophthalmia  neonatorum,  at  whatever  stage,  we  may 
safely  prognosticate  that  by  proper  attention  to  the  above  details 
no  bad  results  will  occur. 

In  those  cases  where  no  gonococci  can  be  found  in  the  dis- 
charges, and  which  therefore,  as  already  mentioned,  need  not 
give  so  much  anxiety,  the  same  treatment  can  be  employed  as 
in  the  virulent  cases.  They  will  yield  much  more  quickly  to 
treatment. 

3.  Granular  conjunctivitis  (trachoma,  granular  ophthalmia, 
■^gyptifiii  ophthalmia,  military  ophthalmia)  is  a  disease  cha- 
racterised by  the  presence  of  granular  elevations  in  the  culs- 
de  -sac  and,  to  a  less  extent,  on  other  parts  of  the  conjunctiva, 
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attended  with  inflammatory  changes  and  subsequent  cicatricial 
contraction. 

This  complaint  may  be  acute  or  chronic.  The  latter  form  is 
far  more  frequently  met  with  in  this  country,  and  presents  great 
variations  in  kind. 

Acute  granular  ojMJbalmia  is  recognised  by  the  presence  of 
semi-translucent  granules  in  the  culs-de-sac  of  the  conjunctiva. 
This  is  the  only  distinctive  feature  between  it  and  acute  catarrhal 
ophthalmia:  when  this  is  not  pronounced  it  is  impossible  to 
distinguish  the  two  affections.  The  granules  are  not  usually 
seen  at  this  early  stage  on  the  palpebral  conjunctiva,  as  they 
will  be  when  the  disease  lapses,  as  is  only  too  probable,  iiito  the 
chronic  form.  The  resistance  to  treatment  and  eventual  chro- 
nicity  will  suggest  the  nature  of  ihe  affection  we  have  to  deal 
with. 

Stjmptoms. — There  is  more  or  less  copious  muco-purulent  dis- 
charge, intense  photophobia,  with  a  gritty  feeling  as  of  sand  in 
the  eye  ;  lachrymation  is  marked,  the  hot  tears  gushing  out 
when  any  attempt  is  made  to  separate  the  lids.  Exposure  of  the 
eye  or  painting  the  lids  often  produces  a  paroxysm  of  violent 
reflex  sneezing.  Upon  everting  the  lids  and  examining  the 
culs-de-sac  (see  p.  55),  the  conjunctiva  will  be  found  intensely 
injected,  the  rugEein  the  fornices  present  agranular  appearance, 
and  flakes  of  lymph  will  be  seen  caught  between  the  folds  of  the 
membrane.  The  small  '  sago-grain '  granules  are  seen  most 
distinctly  on  the  summits  of  the  rugce  ;  they  are  devoid  of 
vessels,  and  so  appear  translucent.  The  plica  semilunaris  and 
caruncle  are  red  and  swollen,  and  chemosis  may  be  present.  As 
a  rule,  after  a  week  or  fortnight  the  symptoms  gradually  subside, 
the  inflammatory  changes  become  less  marked,  and  a  simple  form 
of  chronic  trachoma  remains.  Complete  resolution  is  sometimes 
seen,  especially  in  those  countries  where  acute  ti'achoma  is 
common,  as  in  Egypt  and  in  the  woods  of  Southern  Australia. 
In  some  instances,  acute  trachoma  continues  with  unabated 
severity  for  weeks  or  months,  resisting  all  treatment ;  this  class 
of  cases  will  come  under  the  heading  of  the  malignant  variety 
of  chronic  trachoma  (p.  7o). 

Chronic  granular  ojjhthalmia  may  follow  an  acute  attack,  or 
be  chronic  and  almost  devoid  of  all  inflammatory  clianges  from 
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its  onset.  It  is  convenient  to  classify  chronic  trachoma  into 
three  chief  groups: 

{a)  Slight  forms,  in  which  there  is  slight  redness  of  the  free 
«edges  of  the  lids,  a  feel  of  grittiness  in  the  eyes,  and  an  increase 
in  the  secretion  of  mucus.  On  everting  the  lids,  however,  we 
find  fine  granulations  disseminated  over  the  conjunctiva,  mostly 
in  the  position  of  the  upper  and  lower  culs-de-sac.  The  con- 
junctiva over  the  tarsi  is  often  free,  or  the  granulations  may  be 
seen  creeping  over  their  borders  near  the  canthi. 

(&)  More  severe  forms,  in  which  there  is  granulation  and 
infiltration  of  the  conjunctiva  of  the  lids  as  well  as  that  of  the 
culs-de-sac.  The  mucous  membrane  is  thickened,  and  presents 
&  greyish  rough  appearance,  being  studded  with  grey  or  yellow 


Fig.  28. — Everted  Granular  Lids. 

translucent  roundish  granules.  The  edges  of  the  lids  are  red- 
<lened ;  there  is  much  secretion  of  mucus,  which  is  often  semi- 
purulent.  Lachrymation  and  photophobia  are  always  present, 
and  in  some  cases  are  very  troublesome. 

(c)  Malvjnant. — This  third  group  may  be  considered  the 
perpetuation  of  acute  trachoma.  It  is  a  still  more  grave  and 
troublesome  class  of  cases.  The  inflammatory  signs  are  veiy 
marked,  and  the  granular  affection  extends  to  the  ocular  con- 
junctiva, and  even  to  the  cornea.  The  whole  inner  surface  of  the 
eyelids  and  the  culs-de-sac  are  infiltrated  with  villous-looking 
hypertrophies  of  the  mucous  and  Eubmncous  tissues,  which 
bleed  on  the  slightest  touch.  The  whole  episcleral  and  corneal 
surfaces  become  filled  with  tortuous  blood-vessels,  and  the 
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cornea  becomes  quite  opaque  and  fleshy-looking — pannvs. 
There  may  be  superficial,  deep,  or  even  perforating  ulcer  of  the 
cornea. 

The  most  discouraging  feature  of  this  malignant  form  of 
trachoma  is  its  obstinate  resistance  to  treatment.  The  inflamed 
tissues  do  not  return  to  their  normal  state,  but  appear  to 
undergo  an  ultimate  fibroid  degeneration.  The  mucous  mem- 
brane becomes  thiu,  shrunken,  and  tightly  adherent  to  the  tarsi ; 
the  culs-de-sac  are  obliterated  at  the  tarsi,  become  shrunken 
and  incurved,  causing  entropion.  This  condition  uiust  not  be 
confused  with  the  essential  shrinking  and  other  symptoms 
attending  pemphigus  of  the  conjunctiva. 

Causes  and  pathology. — The  chief  cause  of  this  affection  is- 
contagion.  This  view  is  substantiated  by  the  fact  of  its  pre- 
valence in  pauper  schools  in  past  and  even  in  present  times ;  also- 
in  prisons,  barracks,  and  other  places  where  there  are  crowded 
communities,  having  facilities  for  the  conveyance  of  unhealthy 
secretions  from  eve  to  eve  bv  means  of  towels  and  otherwise. 

In  foreign  climes,  as  Egypt,  Australia,  and  the  like,  where 
the  disease  is  rampant,  the  flies  are  the  chief  agents  in  spreading- 
the  complaint ;  and,  no  doubt,  from  the  simple  conjunctivitis- 
set  up  by  dust,  intensity  of  light,  &c.,  the  conjunctiva  is  placed 
in  such  a  condition  that  it  forms  a  suitable  nidus  for  the  growth 
and  development  of  any  infecting  organism.  The  disease  is- 
undoubtedly  caused  by  a  i^athogenic  micro-organism,  which 
alone  can  furnish  us  with  a  scientific  diagnostic  proof.  Unfor- 
tunately, however,  neither  its  morphology  nor  its  life-history 
have  hitherto  been  satisfactorily  made  out.  Cases  do  occur, 
however,  which  appear  to  be  spontaneous,  no  source  of  infection 
appearing  to  be  within  the  patient's  reach.  In  all  cases, 
whether  produced  by  contagion  or  otherwise,  the  subjects  of 
the  affection  appear  to  have  been  predisposed  to  it  by  ill- 
feeding,  over-fatigue,  bad  ventilation,  and  other  debilitating 
causes.    It  is  rarely  seen  in  the  better  classes  of  society. 

This  disease  first  appears  in  the  form  of  numerous  small 
greyish,  hemispherical,  semi-translucent  elevations,  having  a- 
great  resemblance  to  boiled  sago-grains  (follicular  granulations). 
These  usually  appear  first  in  the  upper  and  lower  culs-de-sac^ 
and  thence  spread  to  the  lids. 
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Microscopically,  these  granular  elevations  are  usually  found 
to  be  non-vascular  lymphoid  follicles,  situated  immediately 
beneath  the  epithelium.  They  are  composed  of  a  circumscribed 
collection  of  lymph-corpuscles,  without  any  perceptible  reticulum. 
Surrounding  each  follicle  is  a  capillary  network  of  blood-vessels, 
which  separates  them  from  a  diffuse  vascularised  lymphoid  tissue, 
in  which  they  are  imbedded.  The  surface  epithelial  cells  of  the 
conjunctiva  are  disturbed  by  the  migration  of  these  lymph-cor= 
puscles  between  them,  and  the  outline  of  the  basement-membrane 
becomes  completely  lost  (see  fig.  29).  Many  of  the  epithelial 
cells  become  vacuolated,  others  distended  with  m  ucin.  Ingrowths 


Fig.  2!). — Granular  Conjunctivitis.    (Photomicrograph  x  300.) 
E,  epithelium  ;  G,  diffuse  vascularised  lymphoid  tissue. 

of  the  epithelium  may  take  place  and  form  simple  tubular 
glands,  lined  by  columnar  and  goblet  cells  which  secrete  mucin. 
This  occurs  in  all  chronic  inflammations  of  the  conjunctiva. 

Though  lymphoid  follicles  are  usually  found  in  excess  in  the 
conjunctival  membrane  during  an  attack  of  trachoma,  they  are 
not  essentia],  for  in  some  forms  of  granular  ophthalmia  the 
granulations  are  caused  by  projections  of  diffuse  vascularised 
lymphoid  tissue,  without  the  presence  of  a  single  follicle  (see 
fig.  29).  On  the  other  hand,  a  proof  of  their  new  formation  in 
this  disease  is  illustrated  by  a  case  under  my  care  in  which  I 
had  the  opportunity  of  examining  the  cornea,  vascularised  and 
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clisorganised  tlirougliout  by  a  severe  and  progressive  pannus. 
Imbedded  in  the  cellular  new-growtla  which  occupied  the  place 
of  the  substantia  propria,  I  found  well-marked  circumscribed  and 
non-vascular  lymphoid  follicles  exactly  similar  to  those  found  in 
the  retrotarsal  folds  of  siniilar  cases  of  trachoma.  Beneath 
these  follicles,  in  the  deeper  layers  of  the  conjunctiva,  numerous 
vessels  are  seen  traversing  fibrocellular  connective  tissue. 
Around  the  vessels  are  aggregated  numerous  formative  or  epi- 
thelioid cells  indicative  of  developing  fibrous  tissue.  After  the 
follicular  granulations  have  existed  some  time,  the  adjacent 
papillte  become  hypertrophied,  and  the  whole  lid  assumes  the 
rough  villous  appearance  which  is  so  often  left  after  catai'rhal 
or  purulent  conjunctivitis — papillary  granulations  (see  fig.  28). 
As  time  goes  on,  the  connective-tissue  element  increases,  and 
converts  the  conjunctiva  into  a  dense  fibrous  structure.  The 
culs-de-sac  become  obliterated  and  the  eyelids  deformed ;  the 
movements  of  the  globe  also  are  interfered  with  by  this  universal 
cicatricial  contraction  of  its  enveloping  mucous  membrane. 

From  what  has  been  said  with  regard  to  the  pathological 
anatomy  of  this  affection  and  follicular  conjunctivitis,  it  is 
evident  that,  by  the  aid  of  the  microscope  alone,  a  distinction 
is  difficult.  The  scantiness  of  the  diffuse  lymphoid  tissue,  and 
the  well-defined  basement-membrane  to  the  epithelium  in  the 
latter  affection,  are  points  of  diffei'ence  worthy  of  mention.  The 
main  distinctive  features  are  clinical. 

Co7ripUcations  and  sequelce. — As  complications,  ulceration  of 
the  cornea  and  pannus  are  most  common.  Marginal  blepharitis 
may  be  caused  by  the  irritating  discharge  ;  spasmodic  entropion 
of  the  lower  lid  from  persistent  blepharospasm.  As  sequels,  cica- 
tricial entropion  of  the  upper  eyelid,  trichiasis  and  nebulous 
condition  of  the  cornea,  are  more  frequently  seen.  The  palpebral 
fissure,  from  the  general  cicatricial  cont}'action  of  the  conjunctiva, 
is  rendered  smaller,  and  cannot  be  opened  to  such  a  wide  extent 
as  formerly. 

Treatment  must  in  all  cases  be  general  as  well  as  local.  The 
general  treatment  consists  in  placing  the  patient  under  the 
best  possible  hygienic  conditions.  Good  and  plentiful  nourish- 
ment, exercise  in  the  open  air,  and  well-ventilated  sleeping- 
accommodation   are  essential    adjuncts    to  local  treatment. 
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Change  of  air,  or  a  sea  voyage,  is  frequently  of  great  assistance. 
The  eyes  should  be  protected  from  bright  light  and  from  dust  by 
smoked  glasses.  The  patient  should  avoid  as  far  as  possible 
over-fatigue  of  the  eyes,  especially  by  artificial  light.  Tonics, 
such  as  iron,  quinine,  cinchona,  and  cod-liver  oil,  should  be 
administered.  Parrish's  food,  Easton's  syrup,  and  similar  forms 
of  medicine,  are  beneficial. 

The  local  treatment  must  have  the  twofold  object  of,  first, 
reducing  the  inflammation  and  its  accompanying  copious  and 
infectious  secretion  ;  and,  secondly,  of  destroying  or  eradicating 
the  granular  iafiltration  of  the  conjunctiva  and  subconjunctival 
tissues. 

Apart  from  surgical  interference,  the  treatment  resolves  itself 
into  the  daily  application  of  caustics,  the  chief  of  which  are  the 
nitrate  of  silver  in  2  per  cent,  solution  and  the  sulphate  of  copper 
in  crystal.  The  nitrate  of  silver  is  less  irritating  than  the  blue- 
stone,  and  is  indicated  in  all  recent  cases  attended  with  inflam- 
mation and  copioiis  purulent  or  semi-purulent  secretion — indeed, 
in  any  case,  whether  old  or  recent,  where  purulent  discharge  is 
present,  it  is  the  better  agenb  to  employ.  The  lids  must  be 
well  evei'ted  and  the  culs-de-sac  exposed,  their  surface  being 
dried  with  lint  before  the  application,  and  the  excess  being 
washed  away  after  an  interval  of  one  or  two  minutes  by  water 
or  1  per  cent,  solution  of  common  salt.  This  prevents  the  brown 
staining  of  the  sclerotic  which  is  sometimes  produced. 

The  sulphate  of  coi^per  crystal  is  indicated  in  all  cases  where 
inflammatory  signs  are  slight  and  there  is  much  hypertrophy  of 
the  diseased  parts.  Its  action  is  much  more  irritating  than  that 
of  the  silver,  but  it  is  more  eflicient  in  reducing  the  hyperti-ophy. 
It  is  not  tolerated  where  there  is  much  inflammation. 

It  will  thus  be  seen  that  nitrate  of  silver  is  indicated  until  the 
secretion  is  reduced  and  the  inflammation  diminished,  after  which 
it  can  be  advantageously  replaced  by  the  blue-stone.  One  appli- 
cation daily  is  sufficient  for  all  but  severe  cases,  when  it  is 
better  to  apply  it  twice.  It  should  also  be  applied  energeti- 
cally— i.e.  with  some  pressure  and  rubbing — in  severe  cases,  and 
lightly  in  slight  ones.  The  process  is  a  very  long  and  tedious 
one,  extending  possibly  over  months  or  even  years.  It  must 
be  continued  regularly  until  all  traces  of  the  affection  have 


78      ON  THE  AFFECTIONS  OF  THE  CONJUNCTIVA. 


disappeared,  and  must  be  renewed  immediately  if  the  aflFection 
crops  up  again,  as  it  is  always  liable  to  do.  Should  the  cornea  be 
ulcerated,  care  must  be  taken  to  keep  these  caustics  as  much  as 
possible  away  from  the  ulcer,  and  to  wash  the  excess  well  away 
from  the  palpebral  sac  after  each  application.  These  reagents 
may  be  supplemented  by  cold  compresses  of  boric  acid  2  per 
cent.,  or  sublimate  solution  1  in  5,000. 

Owing  to  the  tedious  nature  of  the  treatment,  it  is  well  to  teach 
a  friend  of  the  patient  to  evert  the  lids  and  apply  the  blue-stone. 

Reference  has  been  made  elsewhere  to  the  treatment  of 
pannus  by  producing  jequirity  ophthalmia. 

The  classical  treatment  just  described,  however,  is  weari- 
some alike  to  the  patient  and  to  the  medical  attendant.  The 
patient  is  usually  poor  and  unable  to  attend  regularly  for  treat- 
ment ;  he  consequently  is  often  obliged  to  suffer  for  months  or 
years,  and  finally  to  find  himself  the  subject  of  shrunken  con- 
junctiva, entropion,  pannus,  or  even  loss  of  sight.  This  being 
the  case,  more  active  measures  have  been  tried  with  a  view  to  a 
more  rapid  and  radical  cure  :  the  galvano-cautery,  electrolysis, 
excision  of  the  culs-de-sac,  scarification,  scraping,  expression, 
and  other  means  have  been  tried  with  considerable  success. 
The  galvano-cauteri/  applied  to  the  granulations  once  a  week, 
and  combined  with  the  caustic  treatment  above  mentioned,  I 
have  found  a  very  beneficial  adjunct. 

Dariei-'s  onethod.— Better  than  this,  however,  is  the  surgical 
procedure  recently  introduced  by  Dr.  Darier,  consisting  of  free 
scarification  of  all  the  affected  surfaces,  followed  by  scraping  with 
a  sharp  spoon,  brushing  away  of  the  gelatinous  infiltration  with 
a  small  hard  toothbrush  steeped  in  1  per  cent,  solution  of  per- 
chloride  of  mercury,  and  final  washing  with  a  solution  1  in  1,000 
of  the.  same. 

This  is  a  severe  method  of  procedure.  It  requires  the  ad- 
ministration of  an  anesthetic,  and  produces  considerable  reaction ; 
but  it  is  followed  by  marked  improvement  within  the  first  few 
weeks,  and  the  disease  is  usually  almost  exterminated  in  from 
one  to  three  operations. 

It  is  applicable  to  almost  all  cases  of  trachoma— exception 
being  perhaps  made  in  violently  acute  cases,  where  there  is 
excessive  redness  and  tumefaction  of  the  whole  conjunctival 
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surface,  cedema  of  lids,  and  copious  discharge.  Here  it  is 
well  to  modify  the  operation  until  the  acute  symptoms  have 
become  reduced.  This  will  be  effected  by  scarifying  the  con- 
junctiva and  appljdng  solution  of  nitrate  of  silver  (2  per  cent.) 
immediately  after  the  operation,  and  continuing  to  apply  it  once 
daily.  When  the  extreme  inflammatory  symptoms  have  subsided, 
recourse  may  be  had  to  the  more  radical  cure  above  referred  to. 

Before  commencing  the  operation,  a  careful  examin&Lion  of 
the  entire  conjunctival  surface  must  be  made,  so  that  the  exact 
distribution  of  the  affected  surface  can  be  made  out.  If  this 
precaution  be  not  taken,  it  will  be  less  easy  to  do  so  when  the 
operation  has  commenced,  owing  to  the  hsemorrhage,  which  is 
often  copious.  It  is  most  important  that  the  whole  affected 
area  should  be  attacked,  so  that  every  possible  '  trachomacoccus ' 
shall  be  either  removed  or  destroyed. 

In  order  to  thoroughly  evert  the  upper  lid  and  expose  the 
upper  cul-de-sac,  a  pair  of  thin-bladed  dressing-forceps  may  be 
used.  These  are  inserted  at  the  outer  canthus  so  as  to  grasp 
the  lid  parallel  to  its  ciliary  border.  Mr.  Sattler  has  intro- 
duced some  spikes  to  this,  so  as  to  form  a  male  and  female 
blade,  which  renders  the  lid  more  secure.  Should  there  be 
difficulty  in  everting  the  lid,  it  is  better  to  divide  the  outer 
canthus  with  scissors.  Very  little  harm  is  done  by  this  inci- 
sion :  it  usually  comes  right  of  itself,  or  can  be  afterwards  recti- 
fied by  a  small  operation.  Should  the  caruncle  show  signs  of 
infiltration,  it  may  be  excised  with  scissors.  Should  the  cornea 
be  affected  with  fleshy  pannus,  it  may  be  gently  scraped  and 
brushed  from  the  centre  towards  the  periphery. 

It  is  well  to  commence  the  scarification,  scraj^ing,  and 
brushing  upon  the  lower  lid  and  cul-de-sac  so  as  to  avoid  the 
haemorrhage  which  would  proceed  from  the  upper  parts.  The  lid 
must  be  seized  with  the  forceps  about  2  mm.  from  its  margin, 
and  well  everted  by  one  or,  if  necessary,  two  turns.  The  scari- 
fications are  then  cautiously  made  so  as  to  divide  and  open  up 
the  granulations — a  sharp  scalpel  or  a  cataract  needle  will 
suffice  for  this.  The  depth  of  the  incisions  must  be  proportionate 
to  that  of  the  infiltration.  The  scarification  is  followed  by  gela- 
tinous exudation,  which  must  be  wiped  away  with  a  piece  of 
clean  lint. 
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Next,  a  sharp  spoon  is  used  to  scrape  the  incised  surface  and 
so  get  away  or  loosen  the  diseased  tissue.  After  this,  a  small 
toothbrush  with  short  stiff  bristles  is  steeped  in  1  per  cent, 
solution  of  sublimate  and  used  pretty  vigorously  over  the  sur- 
face which  has  been  incised  and  scraped.  The  forceps  are  then 
removed,  and  the  conjunctival  surface  which  they  covered  is 
treated  in  a  similar  way.  Next,  the  upper  lid  and  upper- 
cul-de-sac  are  attacked  in  a  similar  way,  it  being  remembered 
that  the  upper  cul-de-sac  is  the  principal  habitat  of  the  disease. 
The  incisions  here  require  to  be  rather  deeper  than  in  the  lower 
parts.  After  these  parts  have  been  duly  scarified,  scraped,  and 
brushed,  the  whole  conjunctival  surface  is  carefully  washed  with 
sublimate  solution  1  in  1,000.  A  few  drops  of  atropine  and 
cocaine  solution  are  instilled  into  the  palpebral  sac,  and  the 
eyelids  are  closed  and  kept  cool  by  cold  or  iced  compress  of 
perchloride  solution  1  in  5,000. 

The  whole  conjunctival  surface  must  be  examined  once  daily 
after  the  operation,  and  its  surface  cleansed  by  cotton-wool  steeped 
in  warm  perchloride  solution  1  in  1,000. 

This  operation  is  somewhat  heroic,  and  would  appear  calcu- 
lated to  destroy  the  whole  conjimctival  surface.  It  is,  however, 
less  destructive  of  that  membrane  than  the  disease ;  the  long  strips 
of  conjunctiva  appear  to  grow  rapidly,  and  the  surface  soon  appears 
to  be  intact  again.  Of  course,  great  care  must  be  taken  to  sepa- 
rate the  opposed  surfaces  each  day  after  operation,  or  symble- 
pharon  is  pretty  certain  to  ensue. 

4.  Membranous  conjunctivitis  is  comparatively  rare  in  this 
country  ;  nevertheless,  a  good  number  of  cases  have  been  re- 
corded ;  and  in  Germany,  where  the  graver  forms  of  the  affection 
appear  to  be  of  more  frequent  occurrence  than  in  Great  Britain 
and  France,  the  subject  has  received  considerable  attention. 

A.  von  Graefe  endeavoured  to  arrange  these  cases  into  two 
classes— viz.  croupous  and  diphtheritic  ;  and,  for  convenience  of 
description,  this  method  is  adopted  here,  although  intermediate 
cases  occasionally  present  themselves. 

(a)  Croupous  or  pseudo-membranous  conjunctivitis  is  charac- 
terised by  the  appearance  of  a  whitish-grey  membrane  occupying 
the  conjunctiva  of  one  or  both  the  eyelids,  and  sometimes  that  of 
the  o-lobe  or  culs-de-sac  also.    This  adheres  somewhat  tightly  to 
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the  subjacent  tissue,  but  it  can  be  removed  with  forceps.  The 
surface  beneath  is  found  to  be  very  red  and  perhaps  bleeding 
here  and  there.  The  exact  nature  of  this  affection  is  obscure,  and 
whilst  some  cases  are  atte^ded  with  considerable  inflammation, 
especially  at  the  onset  of  the  disease,  others  appear  to  be  quite 
chronic  and  persistent.  The  treatment  consists  in  removing  the 
fibrinous  exudation  and  stimulating  the  subjacent  surface  with 
lapis  divinus  or  2  per  cent,  solution  of  nitrate  of  silver  daily. 
Should  inflammatory  symptoms  be  very  troublesome,  they  may  be 
treated  as  in  catarrhal  ophthalmia. 

(5)  Diphtheritic  conjimctivitis  is  similar  in  nature  to  diph- 
theria of  the  throat  or  other  membranes,  and,  like  them,  is  accom- 
panied by  fever  and  great  prostration.  It  is  peculiarly  dangerous 
to  sight,  owing  to  the  rapid  destruction  of  the  cornea  which  it 
frequently  produces.  It  most  commonly  occurs  in  children 
under  twelve  years  of  age. 

Sijmftoms. — In  severe  cases,  the  first  sigais  are  those  of 
•catarrh ;  the  lids  are  red,  swollen,  hot,  and  painful.  After  twenty- 
fonr  hours,  however,  the  swelling  becomes  considerably  greater  : 
the  lids  are  so  stiff"  and  brawny  that  they  can  hardly  be  separated 
.so  as  to  expose  tJie  cornea.  The  conjunctiva  also  is  much  thick- 
•ened,  deeply  congested,  and  shows  isolated  areas  of  a  pale  grey- 
ish-yellow colour  in  which  ecchymotic  patches  are  visible.  These 
patches  are  diagnostic  of  the  disease,  and  indicate  that  exudation 
-is  taking  place  into  the  deeper  parts  of  the  membrane,  leaving 
it  pale  and  bloodless.  There  is  also  a  thin  milky  discharge 
which  is  extremely  infectious.  This  condition — the  stage  of  infil- 
tration— continues  for  five  to  ten  days,  by  which  time  the  whole 
•surface  is  often  covered  by  and  infiltrated  with  a  greyish  mem- 
brane, which  cannot  be  peeled  ofl^  with  forceps,  but  tears  away  in 
•shreds. 

This  is  followed  by  the  stage  of  suppuration,  in  which  the 
brawny  swelling  of  the  lids  disappears,  and  they  are  softer  and 
more  elastic.  The  discharge  becomes  purulent,  the  exudation 
is  partly  thrown  off",  leaving  the  conjunctiva  in  a  sloughy  and 
.granular  condition.  The  cornea,  also,  is  usually  involved  in  the 
process ;  it  has  probably  lost  its  transparency,  and  may  have 
become  partly  or  totally  necrosed.  The  necrotic  tissue  is  then 
.gradually  cast  off";  the  discharge  diminishes,  and  the  'period  of 
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cicatrisation  sets  in.  In  severe  cases  this  is  attended  witli  perfora- 
tion and  destruction  of  the  cornea,  shrinking  of  the  conjunctiva,, 
and  symblepharon. 

In  lighter  cases  all  the  above  symptoms  are  modified  in  de- 
gree, although  they  pass  through  similar  stages  of  infiltration,, 
suppuration,  and  contraction. 

This  disease  may  be  mistaken  for  purulent  or  severe  catarrhal 
ophthalmia,  especially  at  its  commencement  or  during  the  sup- 
purating stage.    It  differs  from  these,  however,  (1)  in  the  great, 
stifiiaess  of  the  lids,  and  its  long  duration.    (2)  In  the  smooth 
yellowish  non- vascular  patches  of  the  conjunctiva  covered  with 
small  ecchymoses.    In  purulent  ophthalmia  there  is  regular  red- 
ness and  succulent  swelling  of  the  mucous  membrane.    (3)  In 
the  presence  of  fibrinous  infiltration  in  the  depths  of  the  tissue, 
rendering  it  adherent,  whilst  any  membrane  existing  in  purulent, 
cases  can  be  easily  removed.    (4)  In  the  absence  of  the  Neisser- 
gonococcus  and  the  presence  of  the  micrococcus  peculiar  to  diph- 
theria in  the  discharges. 

Treatment. — Prophylaxis  is  of  the  first  importance.  If  only 
one  eye  is  attacked,  the  other  should  be  protected  as  in  puru- 
lent ophthalmia.  Children,  who  are  most  liable  to  be  attacked, 
shoxild  be  kept  away  from  the  possibility  of  infection.  During 
the  stage  of  infiltration  the  eye  should  be  carefully  cleansed  with 
weak  antiseptic  lotions  ;  where  there  is  great  swelling,  with  heat, 
and  pain,  these  may  be  applied  in  the  form  of  iced  compresses. 
Atropine  should  be  instilled,  with  the  hope  of  keeping  the  pupil 
dilated.  Towards  the  end  of  this  stage  warm  fomentations  may 
be  substituted  for  the  iced  compresses,  so  as  to  favour  absorption 
of  exudation  and  separation  of  sloughs. 

When  the  stage  of  suppuration  has  set  in,  weak  astringent. 

lotions  may  be  used. 

The  cornea  must  be  carefully  watched  during  the  whole  process,, 
for  upon  its  condition  depends  the  future  visual  power  of  the  eye. 
Should  it  be  found  to  be  gangrenous  in  its  entirety,  there  is  little 
to  be  hoped  for ;  if  only  partly  ulcerated,  it  must  be  treated  accord- 
ino-  to  the  rules  laid  down  in  the  chapter  on  Corneal  Affections. 

5.  Phlyctenular  conjunctivitis  (also  called  pustular,  scrofu- 
lous and  strumous  conjunctivitis)  is  characterised  by  the  pre- 
sence of  one  or  more  small  vesicles  attacking  the  sclerotic  portion 


FIIL  YCTJEN  ULAR  CON  J  UN  CTI VI TIS. 


83 


of  the  conjunctiva  (see  fig.  7,  opposite  p.  100).  Each  is  at  first 
small,  conical,  and  well-defined ;  it  seldom  measures  more  than 
from  1  to  2  mm.  across  the  base.  Its  contents  are  at  first  clear 
and  transparent,  but  soon  become  yellowish,  indicating  the 
formation  of  pus.  Sometimes  it  becomes  solid  in  texture,  form- 
ing a  somewhat  hard  prominence.  The  surrounding  conj  unctiva 
is  swollen  and  injected,  and  there  is  frequently  a  triangular 
leash  of  enlarged  blood-vessels,  having  its  apex  at  the  plilyc- 
tenula  and  its  base  towards  either  the  inner  or  the  outer  canthus. 
The  number  of  these  phlyctenulge  varies  from  one  to  five  or  six. 
One  or  two  will  appear  by  preference  at  the  sclero-corneal  junc- 
tion, although  they  may  be  entirely  corneal,  or  entirely  in  the 
sclerotic  portion  of  the  conjunctiva,  or  they  may  occupy  any  of 
these  positions  simultaneously ;  when,  however,  more  than  two 
occur,  they  generally  appear  in  successive  crops.  So  long  as 
the  corneal  portion  of  the  conjunctiva  is  not  simultaneousl}'- 
affected  there  is  little  or  no  inconvenience  beyond  a  pricking 
sensation,  increased  secretion  of  mucus,  and  more  frequent 
blinking  than  normal.  As  soon,  however,  as  the  cornea  is 
attacked  (phlyctenular  keratitis),  even  though  it  be  near  the 
periphery,  there  is  increased  lachrymation,  and  photophobia  may 
be  so  great  as  to  cause  blepharospasm.  In  some  cases  these 
pustules  are  accompanied  by  a  more  extended  inflammation  of 
the  conjunctiva,  presenting  the  combined  symptoms  of  muco- 
purulent and  phlyctenular  conjunctivitis. 

This  affection  is  common  in  children  up  to  the  age  of  ten  or 
twelve  years,  but  may  occur  at  any  period  of  life.  It  is  fre- 
quently accompanied  by  impetigo  of  the  face  and  head.  The 
subjects  are  generally  ansemic,  badly  nourished,  and  live  in 
crowded  and  ill-ventilated  dwellings. 

Prognosis  and  treatment.— So  long  as  the  corneal  conjunctiva 
is  unaffected,  the  phlyctenules  break  down  after  a  few  days, 
leaving  a  superficial  ulcer,  which  rapidly  heals,  and  the  conjunc- 
tival redness  disappears.  The  disease,  however,  shows  a  great 
tendency  to  recurrence. 

The  process  of  healing  is  assisted  by  the  use  of  mild  astrin- 
gents, such  as  the  yellow  oxide  of  mercury  ointment  (F.  31), 
the  solution  of  boracic  acid  (F.  10),  and  other  simple  astrin- 
gents. 

G  2 


84      ON  THE  AFFECTIONS  OF  THE  CONJUNCTIVA. 


Constitutional  treatment  is  also  important.  A  wholesome 
diet  and  good  hygienic  conditions  should  be  prescribed  ;  also 
plentiful  exercise  in  the  open  air,  and  the  internal  administra- 
tion of  tonic  medicines — Parrish's  food,  cod-liver  oil,  decoction 
or  tincture  of  cinchona,  &c. ;  also  sulpHde  of  calcium  in  gr. 
doses  every  few  hours. 

Spring  catarrh  (Saemisch)  is  an  affection  of  the  conjunctiva 
very  rare  in  Great  Britain,  but  sometimes  seen  in  young  male 
subjects.  It  is  characterised  by  the  presence  of  large  flattened 
papillse  or  granular  elevations  over  the  tarsi,  generally  of  the 
upper  lid ;  these  are  somewhat  flattened  on  the  surface,  and  they 
are  not  of  the  semi-transparent  appearance  of  boiled  sago-grains, 
but  more  like  the  reddened  conjunctiva  in  which  they  are  seated. 
It  is  very  chronic  in  its  nature,  extending  over  several  years  and 
liable  to  recur,  especially  in  the  spring  or  early  summer.  It  is 
not  very  painful,  but  is  liable  to  be  mistaken  for  trachoma. 

The  symptoms  are  slight  intolerance  of  light,  lachrymation, 
slight  mucous  or  muco-purulent  dischaj-ge.  Occasionally  the 
ocular  conjunctiva  becomes  reddened,  and  at  thelimbus  near  the 
outer  and  inner  edges  of  the  cornea  there  appears  a  reddish- 
brown,  vascular,  gelatinous-looking  growth.     The  cornea  is 

seldom  affected. 

The  treatment  consists  in  allaying  the  irritation  by  cocaine 
and  using  slight  astringents,  as  in  chronic  catarrhal  conjunc- 
tivitis. I  have  found  the  galvano-cautery,  freely  used  every  one 
or  two  weeks,  very  efiicient  in  reducing  the  large  granular- 
looking  elevations. 

Its  cause  is  unknown ;  but  it  certainly  is  not  a  catarrh. 
Pterygium  is  a  thickened  condition  of  a  part  of  the  ocular 
conjunctiva.  It  usually  commences  opposite  to  the  aperture 
formed  by  the  opened  eyelids,  and  is  more  common  on  the  nasal 
than  on  the  temporal  side  of  the  cornea,  although  it  may  occupy 
both  these  positions  in  the  same  eye,  or  even  in  both  eyes  at  the 
same  time.  Each  patch  appears  in  the  form  of  a  triangle,  of 
which  the  apex  is  directed  towards,  or  encroaches  upon,  the 
cornea  the  sides  being  free  and  formed  by  a  double  fold  of 
the  mucous  membrane,  under  which  a  probe  can  be  easily 
passed  Its  colour  is  generally  so  similar  to  that  of  the  conjunc- 
tiva that  it  usually  passes  unnoticed  until  it  attacks  the  cornea 
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(see  fig.  2,  opposite  p.  100);  sometimes,  however,  it  becomes 
vascular  in  structure,  and  then  has  a  bright  red  colour.  It 
varies  greatly  in  thickness  and  in  the  I'apidity  of  its  growth.  In 
some  cases  it  continues  for  many  years  without  apparent  in- 
crease;  in  others,  especially  those  of  the  vascular  kind,  the 
increase  may  be  rapid.  In  the  majority  of  cases  it  causes  but  little 
or  no  inconvenience  ;  but  when  the  thickening  is  great,  the  con- 
junctiva is  liable  to  inflammatory  attacks.  So  long  as  the  growth 
does  not  extend  to  the  front  of  the  pupillary  aperture,  the  vision 
is  unaffected  ;  but  after  it  has  reached  this  region,  the  vision 
decreases  in  proportion  to  the  extent  of  the  pterygium.  Ptery- 
gium is  thought  to  be  caused  by  persistent  exposure  of  the  con- 
junctiva to  irritating  substances,  and  to  commence  as  a  small 
abrasion  or  ulcer  opposite  the  sclero-corneal  junction.  It  is 
most  common  amongst  persons  of  middle  age  and  loose  conjunc- 
tivfe,  in  those  who  have  travelled  or  spent  some  years  in  hot 
dusty  countries,  and  in  stonemasons  and  others  who  are  exposed 
to  irritating  substances.  It  may  form  the  starting-point  of  an 
epithelioma. 

Treatment. — When  the  cornea  is  only  slightly  or  not  at  all 
involved,  and  when  the  increase  is  evidently  slow — that  is,  where 
increase  is  imperceptible  during  six  or  twelve  months'  observa- 
tion— no  treatment  is  called  for. 

Where  increase  is  evident,  and  the  pterygium  has  com- 
menced its  march  upon  the  cornea,  its  removal  by  operation 
should  be  at  once  resorted  to.  This  can  be  effected  by  (1)  trans- 
plantation, (2)  excision,  or  (3)  ligation. 

1.  Tmnsplcmtation  (Desmarre's  operation). — The  lids  being 
separated  by  a  speculum,  the  pterygium  is  seized  with  forcej)S 
and  dissected  completely  away  from  the  cornea  and  the  con- 
junctiva as  far  as  its  base.  The  lower  flap  of  the  incision 
formed  in  the  ocular  conjunctiva  by  the  removal  of  the  ptery- 
gium is  now  enlarged  by  an  incision  of  several  millimetres  in 
length,  made  parallel  to  the  lower  margin  of  the  cornea.  The 
coxijunctiva  is  then  dissected  away  from  the  globe  to  an  extent 
sufficient  to  receive  the  pteiygium  beneath  it.  The  pterygium 
is  then  twisted  under  this  flap  of  conjunctiva  and  fastened  in  its 
new  position  by  one  or  two  fine  silk  sutures.    Finally,  the  cut 
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edges  of  the  conjunctiva  are  brought  into  apposition  by  similar 
sutures. 

The  dissection  can  be  made  with  cui'ved  scissors  or  a  Beer's 
catai^act-knife.  An  excellent  little  knife  is  used  for  this  pur- 
pose by  Mr.  Anderson  Critchett.  It  is  rounded  at  its  extremity, 
and  the  cutting  edge  is  continued  a  short  way  up  the  back  of 
the  blade.  It  is  made  by  Weiss.  This  method  gives  very  satis- 
factory results ;  the  transplanted  conjunctiva  soon  becomes 
shrunken  and  imperceptible. 

2.  Excision  is  performed  in  a  manner  similar  to  the  first  stage 
of  transplantation,  the  mass  being  cut  away  at  its  base  by  two 
incisions  meeting  at  the  commissure.  The  edges  of  the  wound 
are  brought  together  by  fine  silk  sutures.  Befoi-e  inserting  the 
ligatures  the  ocular  conjunctiva  should  be  dissected  away  from 
the  globe  above  and  below  so  as  to  loosen  it,  and  thus  enable  the 
upper  and  lower  edges  of  the  wounded  surface  to  be  brought 
into  apposition.  It  is  well  to  unite  these  close  up  to  the  edge 
of  the  cornea,  otherwise  the  pterygium  is  apt  to  recur. 

3.  Ligation  is  performed  by  transfixing  the  base  of  the  ptery- 
gium by  several  silk  ligatures  and  tying  them  tightly  in  such  a 
manner  as  to  involve  the  whole  of  the  base  of  the  growth,  which 
soon  sloughs,  and  can  be  removed  with  forceps. 

Pinguecula  is  a  small  whitish  or  yellowish-white  tumour  of 
from  1  mm.  to  4  mm.  diameter,  situated  in  the  ocular  conjunc- 
tiva close  to  the  cornea,  and  opposite  the  palpebral  fissure.  It 
more  commonly  occurs  on  the  temporal  than  on  the  nasal  side 
of  the  cornea,  but  it  frequently  comes  on  both  sides  and  in  both 
eyes.  It  involves  the  whole  thickness  of  the  conjinictiva,  with 
which  it  moves  when  the  latter  is  displaced.  It  is  more  common 
after  middle  age  than  before  that  period,  also  in  persons  who  are 
exposed  by  there  occupation  to  irritating  vapours  and  substances. 
Microscopically,  pinguecula  consists  chiefly  of  condensed  cellular 
tissue  ;  the  epithelial  layer  of  the  conjunctiva  is  thickened,  and 
the  blood-vessels  are  obliterated.  It  causes  no  trouble  or  in- 
convenience;  after  attaining  a  certain  magnitude  it  remams 
stationary.  As  a  rule,  no  treatment  is  required,  but  no  harm 
would  be  done  by  its  removal. 

Amyloid  degeneration  of  the  conjunctiva.-This  is  a  rare  aflfec- 
tion   in  which  there  is  a  sofd  gelatinous-looking  hypertrophy 
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•of  the  conjunctiva,,  unattended  by  inflammation  or  pain.  It 
appears  first  to  attack  the  sclerotic  portion  of  the  conjunctiva, 
and  thence  to  spread  to  that  of  the  palpebras  and  the  cornea. 
According  to  Leber,  amyloid  degeneration  is  a  purely  local 
malady;  it  may  come  on  as  a  primary  affection  of  the  con- 
junctiva, or  it  may  be  consecutive  to  chronic  granular  conjunc- 
tivitis. The  process  consists  in  the  development  of  amyloid 
oorpuscles  or  trabecukis,  which  are  situated  in  a  clear  liquid 
matrix,  and  are  enclosed  in  a  special  membrane,  containing 
numerous  nuclei.  The  corpuscles  and  trabecute  give  a  decided 
amyloid  reaction  when  treated  with  iodine  and  sulphuric  acid. 

Xerosis  is  a  very  uncommon  form  of  disease,  which  is  cha- 
racterised by  a  peculiar  dryness  of  the  conjunctiva,  giving  it 
a  shrivelled,  skin-like  character,  in  consequence  of  atrophy  of 
its  tissue,  and  obliteration  of  its  secretory  elements.  The  cornea 
also  participates  in  the  change;  its  epithelium,  as  shown  by 
Treacher  Collins,^  is  considerably  thickened,  and  sends  down- 
wards into  the  altered  substantia  propria  finger-like  processes 
resembling  the  inroads  of  commencing  epithelioma.  The  sur- 
face cells  are  flattened,  corneous,  and  without  nuclei.  The  sub- 
jacent substantia  propria  is  degenerated  into  vascularised  fibrous 
tissue  ;  this,  without  doubt,  precedes  the  epithelial  change. 

It  may  arise  from  a  variety  of  causes — either  from  shrinking 
of  the  conjunctiva,  from  trachoma,  diphtheritic  conjunctivitis,  or 
pemphigus  conjimctiva,  or  from  exposure  of  the  eye  owing  to 
imperfect  protection,  as  in  ectropion;  or  it  may  be  the  result  or 
accompaniment  of  a  general  disease.  It  sometimes  accompanies 
a  special  form  of  night-blindness  in  which,  with  the  gradual 
loss  of  vision,  there  are  diy  patches  developed  on  the  corneal 
surface.  These  are  somewhat  triangular  in  shape,  and  occur 
chiefly  in  adults. 

A  more  serious  symptom  of  general  disease  is  kerato-malacia. 
Its  treatment  is  very  unsatisfactory.  The  application  of  glyce- 
rine and  bandaging  is  advised  as  a  palliative.  M.  Oilier,  of 
Lyons,  has  found  benefit  from  keeping  the  eyelids  closed  for 
many  months.  In  order  to  effect  this,  he  pares  the  edges  of  the 
lids  and  brings  them  together  by  sutures,  so  as  to  produce 
ankylobl  epharon . 

'  Vide  Trans.  Oj/lith.  Soc.  vol.  x.  p  62 
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Sarcoma  of  the  conjunctiva  is  a  rare  affection.  When  it  does 
occur  it  is  usually  pigmented,  and  sometimes  almost  black  ; 
its  favourite  situation  is  on  the  ocular  conjunctiva  near  the 
cornea,  whence  it  spreads  to  the  lower  cul-de-sac  and  lower  lid. 
Free  excision  of  the  affected  tissues  is  the  only  hope  for  the 
cure  of  this  malignant  growth,  which  is  liable  to  recur  after  all 
efforts  have  been  made  to  remove  it. 

Pemphigus  conjunctivae  is  a  rare  affection.    It  is  usually  as- 
sociated with  pemphigus  of  the  pharynx,  palate,  or  skin.  It 
is  attended  with  general  redness  and  tliickening  of  the  whole 
conjunctival  surface,  a  gritty  sensation  as  of  sand  in  the  eyes, 
increased  lachrymation  and  photophobia.    At  first,  therefore,  it 
simulates  chronic  catarrh,  but  it  i-efuses  to  yield  to  ordinary 
treatment.     By  careful  examination,  a  small  clear  vesicle,  a 
greyish  discoloured  patch,  or  a  slight  ulcer  may  sometimes  be 
found  either  on  the  scleral  conjunctiva  or  in  the  lower  cul-de- 
sac — or  even  on  the  cornea.     The  throat,  mouth,   and  skin 
should  be  carefully  examined  for  buUaa,  as  the  presence  of  these 
would  considerably  elucidate  the  diagnosis.    The  conjunctiva 
also  should  be  carefully  examined  day  after  day,  as  during  the 
progress  of  the  disease  these  vesicles  present  themselves  and  im- 
mediately break  down,  forming  a  greyish  patch,  which  is  followed 
by  shrinking  of  the  conjunctival  tissue.    This  process  may 
extend  over  months  or  even  years,  but  is  attended  during  the 
whole  period  by  gradual  cicatrisation  of  the  whole  conjunctiva, 
which  finally  becomes  whitish,  cloudy,  dry,  smooth,  and  tense, 
rirst  the  upper  and  lower  culs-de-sac  disappear,  then  there  are 
cicatricial  bands  extending  between  the  lids  and  the  globe,  until 
these  become  quite  adherent  to  each  other.     The  cornea  at  the 
same  time  becomes  cloudy  and  dry,  and  the  vision  is  greatly  de- 
teriorated, or  entirely  lost.  The  prognosis  is  very  unfavourable, 
especially  as  the  disease  usually  attacks  both  eyes,  either  at 
the  same  time  or  in  succession. 

Many  cases  of  shrinking  of  the  conjunctiva  have  occurred  in 
which  no  trace  of  bulla;  of  the  conjunctiva  has  been  observed ; 
so  much  so,  that  A.  von  Graefe  described  them  as  essential 
MnUng.  In  the  light,  however,  that  has  been  thrown  tipon  the 
subject  by  Steffan,  Baiimler,  W.  Lang,  and  others,  it  is  possible 
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that  these  may  have  been  overlooked,  and  tfiat  most,  if  not  all, 
cases  of  this  class  are  due  to  pemphigus. 

Treatment  is  unavailing  to  check  the  progress  of  the  disease. 
Moist  protection  with  vaseline  or  glycerine,  especially  during 
the  night,  seems  to  comfort  the  patient.  Arsenic  has  been 
recommended  internally,  but  nothing  is  satisfactory. 

Lupus  conjunctivse  occasionally  occurs.  It  is  generally  an  ex- 
tension of  the  disease  from  the  face  across  the  edge  of  the  eyelids. 

Injuries  of  the  Conjunctiva. 

(a)  Foreign  bodies. — Small  foreign  bodies,  as  dust  on  a  windy 
day,  bits  of  cinder  on  the  railway,  or  particles  of  steel,  often 
enter  the  palpebral  sac-.  As  a  rule,  they  cause  considerable  irri- 
tation, lachrymation,  and  photophobia  ;  this  is  much  intensified 
if  the  particle  be  situated  on  the  inner  surface  of  the  upper  lid 
and  rub  against  the  cornea.  This  is  a  very  common  situation 
for  foreign  bodies.  They  are  easily  seen  arid  removed  by  everting 
the  upper  lid. 

Sometimes  sharp  particles  become  fixed  in  the  cornea  or  in 
the  ocular  conjunctiva,  and  occasionally  they  find  their  way  into 
the  upper  cul-de-sac. 

In  searching  the  upper  cul-de-sac  the  patient  should  look  well 
downwards,  and  whilst  the  everted  upper  lid  is  pulled  upwards 
the  globe  should  be  pressed  upon  by  the  non-everted  lower  lid. 
This  causes  the  upper  fornix  to  bulge  forwards. 

(&)  Burns  and  chemical  injuries  are  of  frequent  occurrence. 
Hot  water,  quicklime,  cigar-ashes,  and  molten  metal  are  fre- 
quent causes  of  this  trouble.  The  action  of  these  agents  is 
ver)'-  similar  to  that  of  strong  caustic :  the  mucous  membrane 
is  partly  or  entirely  destroyed  at  the  part  afiected,  and  is  likely 
to  be  followed  by  cicatrisation.  This  fact  has  to  be  borne  in 
mind  during  the  treatment  of  the  case,  and  the  prognosis  will 
be  much  influenced  (1)  by  the  extent  to  which  the  cornea  has  been 
involved  in  the  accident,  and  (2)  by  the  extent  of  the  conjunctiva 
that  has  been  doomed  to  destruction.  If  both  palpebral  and 
ocular  conjunctiva)  are  injured,  there  is  great  danger  of  symble- 
pharon. 

Treatment. — First,  all  traces  of  the  offending  substance 
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must  be  removed  from  the  palpebral  sac,  andtlie  latter  carefully- 
washed.  Strong  chemicals  should  be  neutralised  by  appro- 
priate solutions.  Secondly,  cold  compresses  should  be  applied, 
and  atropine  and  cocaine  drops  instilled.  At  each  daily  dress- 
ing the  eyelids  should  be  well  separated  from  the  globe  in 
order  to  prevent  their  growing  together,  and  a  lubricating  emol- 
lient, as  olive  or  castor  oil,  dropped  into  the  palpebral  sac. 
Should  the  injury  have  extended  as  far  as  the  fornix,  it  will  be 
found  impossible  to  prevent  union  of  this  kind.  See  Symble- 
pharon. 
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CHAPTER  IV. 

I 

DISEASES  OF  THE  CORNEA. 

ANATOMY  AND  PHYSIOLOGY— INFLAMMATION— INTERSTITIAL  KERATITIS — 
PUNCTATE  KERATITIS— VASCULAR  KERATITIS— PHLYCTENULAR  KERA- 
TITIS—HERPES  CORNER— SUPPURATIVE  KERATITIS  —  ULCERATIVE 
KERATITIS — METALLIC  AND  CHALKY  DEPOSITS— LEUCOMA— STAPHY- 
LOMA—CONICAL  CORNEA— WOUNDS— TUMOURS. 

Anatomy  and  Physiology. —The  cornea  is  nearly  circular  in 
:shape,  and  is  quite  transparent ;  its  arc  extends  to  about  one- 
;sixth  of  the  circumference  of  the  globe.  It  has  a  smaller 
radius  of  curvature  than  that  of  the  sclerotic,  and  so  projects 
forwards  beyond  the  general  surface  of  curvature  of  that  mem- 
.brane. 

In  the  cornea  we  find  from  before  backwards  the  anterior 
•epithelium,  Bowman's  membrane,  the  substantia  propria,  the 
posterior  elastic  lamina,  or  Descemet's  membrane,  and  the  pos- 
iterior  epithelium. 

The  anterior  ejntlLelium  is  of  the  stratified  variety  (fig.  30), 
arranged  in  several  layers,  the  deepest  of  which  is  composed  ot 
•columnar  cells,  each  with  an  oval  nucleus ;  then  follow  two  or 
■three  layers  of  polyhedral  cells,  each  with  a  spherical  nucleus ; 
lastly,  there  are  two  or  three  layers  of  flattened  cells,  each  with 
a  discoid  nucleus.  This  epithelium  is  continuous  with  that  of 
the  conjunctiva,  from  which  it  differs  in  being  somewhat  thicker. 

Bowman's  membrane  is  the  transparent  homogeneous-looking 
-anterior  part  of  the  substantia  propria.  It  is  considered  by 
.some  high  authorities  to  be  a  distinct  and  almost  structureless 
'membrane,  but  recent  researches  show  that  it  only  differs  from 
the  rest  of  the  lamellas  in  containing  fewer  lacunee  and  corneal 
■'Corpuscles. 
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The  substantia  iiropria  is  continnous  with  the  sclerotic ;  ifc 
consists  of  numerous  lamellge  of  modified  connective  tissue. 
They  are  united  by  a  semi-fluid,  albuminous,  interstitial  cement 
substance  and  by  a  few  interlamellar  connecting  fibres.  This 
cement  substance  is  arranged  in  distinct  layers  between  the 
lamella?,  and  in  each  of  these  layers  are  found  lacunre,  and 
anastomosing  canaliculi,  constituting  the  lymph  canalicular 
system  of  Recklinghausen.  These  anastomose  freely  with  the 
lymphatics  of  the  conjunctiva  at  the  circumference  of  the  cornea. 
Each  lacuna  contains  a  corneal  corpuscle,  from  which  branches- 
extend  into  the  canaliculi,  thus  forming  a  network  of  corneal 


Fig.  30. — Normal  Cornea,  anterior  Epithelium,  and  subjacent 
Substantia  Propria.    (Photomicrograph  x  300.) 

corpuscles.  The  lacunae,  however,  are  not  completely  filled  by 
these  branched  corneal  corpuscles ;  there  is  suflicient  space  left 
for  the  circulation  of  plasma,  for  the  passage  of  migratory  cells, 
and  in  some  parts  for  the  passage  of  nerve-fibrils  (Klein,  Reck- 
linghausen, Strieker,  Rollett).  Each  corneal  corpuscle  contains 
an  oval  nucleus,  and  exhibits  contractile  movements  under  the- 
influence  of  electrical,  thermal,  and  mechanical  influences.  In 
the  normal  cornea  only  a  few  migratory  cells  can  be  observed  lu 
these  lacunte,  but  in  inflammatory  conditions  they  can  be  seen 
squeezing  themselves  through  the  finest  canaliculi  (Klein). 

The  posterior  elastic  lamina,  or  Descemet's  membrane,  is 
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strongly  resistant,  and  is  composed  of  bundles  of  very  fine 
elastic  tissue.  At  the  circumference  of  the  cornea  it  becomes 
split  up  into  a  leash  of  fibres  to  form  the  ligamentum  pectina- 
tum :  these  pass  to  the  iris  and  ciliary  body ;  they  also  give 
attachment  to  some  fibres  of  the  ciliary  muscle.  Its  posterior 
surface  is  lined  by  a  single  layer  of  flattened  nucleated  cells. 
These  cells  are  continued  along  the  fibres  of  the  ligamentum 
pectinatum,  and  over  the  anterior  surface  of  the  iris. 

The  nerves  of  the  cornea  are  derived  from  the  ciliary  nerves ; 
they  enter  the  fore  part  of  the  sclerotic,  and  thence  pass  to  the 
substantia  propria  of  the  cornea.  They  retain  their  dark  outline 
for  about  1  mm.,  but  then  become  transparent,  and  form  a 
plexus  throughout  the  laminated  structure.  From  this  primary 
plexus,  other  nerves  proceed  to  form  a  finer  plexus  just  beneath 
the  epithelial  layer,  and  this  gives  off  bi^anches  between  the 
epithelial  cells,  to  form  a  still  more  superficial  network. 

All  round  the  periphery  of  the  cornea  is  a  fringe  of  capil- 
laries ;  these  are  continuous  with  the  vessels  of  the  limbus 
conjunctivEe,  and  extend  for  about  1'5  mm.  into  the  corneal 
tissue. 

Oblique  focal  illumination  is  a  useful  method  of  examining 
the  cornea,  the  anterior  chamber,  the  iris,  the  crystalline  lens, 
and  even  the  anterior  part  of  the  vitreous.  It  should  be 
adopted  as  a  routine  practice  in  all  cases  where  the  presence 
of  a  foreign  body  or  of  disease  in  these  parts  is  suspected.  The 
patient  should  be  seated  in  a  dark  room,  with  the  ophthalmoscope 
lamp  placed  aboat  30  cm.  to  40  cm.  to  the  temporal  side  and 
slightly  in  front  of  the  plane  of  the  patient's  face.  Then  by 
using  a  convex  lens  of  14  D  or  16  D,  and  slightly  changing 
the  position  of  the  lamp  and  lens,  the  light  can  be  easily  brought 
to  a  focus  upon  either  of  these  structures.  The  part  thus  illu- 
minated can  at  the  same  time  be  magnified  by  using  a  second 
lens  held  in  the  other  hand  (see  fig.  31).  This  lens  should  be 
held  at  its  own  focal  distance  from  the  part  to  be  viewed :  the 
rays  are  then  parallel  as  they  reach  the  observer's  eye,  E'. 

Inflammation  of  the  cornea  (keratitis,  corneitis)  occurs  in 
various  forms  and  degrees  of  severity.  It  is  nearly  always 
accompanied  by  more  or  less  injection  of  the  vessels  of  the 
cn-cumcorneal  zone.    There  is  always  some  loss  of  transparency 
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in  tlie  corneal  tissue,  altliougli  this  may  in  some  cases  be  so 
slight  that  it  can  only  be  seen  by  focal  illumination.  The 
vision  is  impaired  in  proportion  to  the  corneal  opacity.  The 


Fig.  31. — Oblique  Focal  Illumination. 


following  classification  of  inflammations  of  the  cornea  is  con- 
venient : 

1.  Interstitial  or  diffuse  keratitis. 

2.  Punctate  keratitis. 

3.  Vascular  keratitis  or  pannus. 

4.  Phlyctenular  keratitis. 

5.  Herpes  cornea3. 

6.  Suppurative  keratitis. 

{a.  Superficial  ulcers. 
I.  Deep  ulcers. 
c.  Serpiginous  ulcers. 
1.  Interstitial  keratitis   (syphilitic,   strumous,  pai-enchy- 
matous). 

Symptoms.— In  these  forms  of  keratitis,  the  whole  cornea 
undergoes  a  chronic  infiammatory  change,  and  evinces  no 
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tendency  either  to  tlie  formation  of  pus  or  to  ulceration.  First, 
there  is  slight  congestion  of  the  vessels  in  the  ciliary  region 
around  the  margin  of  the  cornea,  then  a  diffused  greyish  opacity 
at  the  centre ;  this  may  be  so  slight  that  it  is  only  recognised 
by  oblique  focal  illumination;  soon,  however,  it  becomes 
decidedly  cloudy,  some  of  the  opacity  being  near  the  surfaces, 
and  other  patches  deeper.  This  cloudiness,  or  ground-glass 
appearance,  gradually  extends  over  the  cornea,  until  the  pupil 
and  iris  are  more  or  less  hidden  from  view.  In  the  most 
severe  cases  the  opacity  assumes  a  yellowish  tint,  and  no  trace 
of  the  iris  can  then  be  seen,  even  with  the  oblique  illumination. 
The  degree  of  pain,  photophobia,  and  congestion  of  the  con- 
junctiva is  variable.  In  some  cases  these  symptoms  are  very 
slight  from  the  beginning  to  the  end  of  the  case ;  in  others  the 
eyes  are  extremely  hypersensitive  to  light,  very  painful,  and 
the  ocular  conjunctiva  much  congested. 

In  many  cases,  very  minute  blood-vessels  are  formed  in  the 
layers  of  the  cornea.  These  are  derived  from  branches  of  the 
ciliary  vessels ;  they  are  extremely  fine,  and  their  separate 
btanches  can  only  be  distinguished  by  means  of  a  magnifying 
lens,  when  they  appear  in  the  form  of  a  fine  network  of 
branches  which  are  given  off  from  a  larger  trunk  at  the 
periphery  of  the  cornea.  These  vascular  areas  are  not  of  a 
bright  red  colour,  unless  they  are  very  near  the  surface ;  when 
deep  down  in  the  corneal  tissue  their  colour  is  modified  by 
the  opacity,  and  they  appear  to  be  of  a  dull  reddish  colour — 
the  '  salmon-patch '  of  Hutchinson.  They  may  occur  in  any 
position ;  and  often  attack  the  upper  or  lower  margin  of  the 
cornea.  Fig.  4,  opposite  p.  100,  represents  a  severe  case  of 
this  disease.  The  whole  cornea  is  opaque,  and  a  salmon-patch 
is  seen  over  its  upper  third. 

It  is  sometimes  difficult  to  diagnose  between  superficial 
forms  of  keratitis  and  those  which  attack  chiefly  the  substantia 
propria.  In  suioerficial  lieratitis  the  corneal  surface  is  usually 
rough  and  uneven.  When  vessels  are  present,  they  may  be 
traced  directly  from  the  cornea  across  the  limbus  on  to  the 
conjunctiva;  they  are  clearly  defined,  having  a  bright  red 
colour,  and  they  branch  off  in  an  arching  manner  like  the 
branches  of  a  tree.    In  interstitial  lieratitis  the  surface  of  the- 
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cornea  may  be  lustreless,  but  it  is  not  I'ougli  or  uneven.  Wlien 
vessels  are  present,  they  cannot  be  traced  from  tke  ocular  con- 
junctiva across  tlie  ILmbus,  but  tliey  disappear  beneath  the  latter 
in  order  to  reach  the  sclera.  They  are  not  clearly  defined,  but 
require  a  magnifying  lens  to  render  them  distinct ;  they  are  of 
a  dull  '  salmon  '-red  colour,  and  their  branches  are  given  off  in  a 
nearly  parallel  (birch-like)  way. 

Complications  are  not  unfrequent  in  the  tissues  of  the  neigh- 
bouring parts.  The  most  common  of  these  are  iritis  and  cyclitis. 
Diffuse  keratitis  usually  attacks  both  eyes,  bat  as  a  rule  one 
cornea  is  first  invaded  and  rendered  fairly  opaque  before  the 
attack  in  the  second  eye  commences.  The  intei-val  between  the 
attacks  in  the  two  eyes  varies  from  two  or  three  weeks  to  as 
many  months.  It  generally  occurs  between  the  ages  of  six 
and  fifteen  ;  although  it  is  sometimes  seen  as  early  as  thi-ee,  and 
has  been  known  as  late  as  thirty-five  years. 

The  duration  of  this  affection  under  proper  treatment  is  on 
an  average  from  about  six  months  to  a  year ;  but  severe  cases 
are  sometimes  several  years  before  they  become  stationary. 

Vision  is  nearly  always  somewhat  impaired  after  this  disease. 
The  cornea  may  look  very  transparent,  and  only  the  faintest  haze 
may  be  detectable  by  focal  illumination ;  but  this  will  almost 
invariably  be  found  to  interfere  with  distinct  vision. 

Causes.— The  majority  of  cases  of  diffuse  keratitis  un- 
doubtedly result  from  inherited  sjqDhilis,  and  in  a  few  it  has 
been  traced  to  acquired  syphilis.  Many  cases,  however,  come 
under  notice  in  which  no  specific  history  can  be  traced.  When 
due  to  inherited  syphilis,  other  symptoms  of  this  affection  can 
generally  be  discovered.  The  patient  presents  a  very  peculiar 
physiognomy,  of  which  a  coa.rse  flabby  skin,  pits  and  scars  on 
the  face  and  forehead,  the  definite  outline  between  the  latter 
and  the  scalp  being  destroyed  by  irregular  short  downy  hairs, 
cicatrices  of  old  fissures  at  the  angles  of  the  mouth,  a  sunken 
brido-e  to  the  nose,  deafness,  and  a  set  of  permanent  teeth 
peculiar  for  their  smallness,  bad  colour,  and  the  vertically  notched 
edges  of  the  upper  central   incisors,  are   the  most  striking 

characters.  >  -,.  ^ 

Other  symptoms  of  inherited  specific  disease  can  often  be 

.  Si/phiUtic  Diseases  o/the  Eye  and  Ear,  by  Jonathan  Hutchinson,  p.  3D. 
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detected  in  the  bi'othevs  and  sisters  of  the  patient,  and  the 
liistoiy  of  acquired  syphilis  can  often  be  elicited  from  one  of 
the  parents,  either  directly  from  their  own  statements,  or  in- 
directly by  interrogation.  Thus  it  will  frequently  be  found  that 
the  mother  of  the  patient  suffered  from  numerous  miscarriages, 
or  that  several  children  prior  to  the  patient  were  either  pre- 
maturely born,  still-born,  or  died  in  early  infancy,  often  with 
specific  symptoms.  With  regard  to  this  method  of  ascertaining 
the  cause  of  diffuse  keratitis  otherwise  than  in  the  eyes  of  the 
patient,  Mr.  Nettleship  says:  'I  have  found  other  personal 
evidence  of  inherited  syphilis  in  54  per  cent,  of  my  cases  of  inter- 


FiG.  32. — Interrititial  Keratitis.     (Photomicrograph  x  75.) 
B,  epithelium  ;  sp,  substantia  propria ;  v,  blood-vessels. 


stitial  keratitis,  and  evidence  from  the  family  history  of  14  per 
cent,  more ;  total  68  per  cent. ;  and  in  most  of  the  remaining 
32  percent,  there  have  been  strong  reasons  to  suspect  syphilis.' ' 
Pathological  anatomy. — The  anatomical  lesion  in  this  affec- 
tion is  a  chronic  inflammatory  exudation  into  the  substantia 
propria  of  the  cornea.     It  commences  at  the  sclero-corneal 
junction.    The  leucocytes  gradually  invade  the  whole  cornea 
until  it  has  the  characteristic  ground-glass  appearance.  The 
deeper  lamellae  are  more  involved  than  the  superficial ;  the  surface 
'  Diseases  of  ihe  Eye,  by  E.  Nettleship  (1882),  p.  101. 
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epithelium,  remains  intact  tlirougliout  (fig.  32).  Exudations 
on  Descemet's  membrane,  in  the  form  of  keratitis  punctata, 
occur  in  the  most  severe  cases  ;  a  few  giant-cells  are  seen  in 
the  interlamellar  exudation.  Many  vessels  grow  from  the 
periphery  and  are  engorged  with  blood ;  they  form  the  salmon- 
patch  of  Hutchinson,  and  their  atrophied  remains,  after  the 
subsidence  of  the  trouble,  are  recognisable  throughout  life 
(fig.  33).  The  cornea  is  about  twice  its  natural  thickness,  and  of 
less  resistable  texture.  The  destroyed  lamellas  are  replaced  by 
fibrous  tissue  which  produces  the  nebulous  condition  of  the  cornea 
so  constantly  seen  after  the  inflammatory  symptoms  have  abated. 

Treatment  must  be  directed  to  the  improvement  and  support 
of  the  general  health  as  well  as  to  the  local  condition.  The 
subjects  of  this  disease  are  generally  weak,  and  frequently 
antemic.    It  is  important  that  they   should  be  placed  under 

the  best  hygienic  conditions,  that  they 
should  have  abundance  of  nutritious 
food,  and  plenty  of  exercise  in  the  open 
air.  Strong  alcoholic  drinks  should  be 
scrupulously  avoided.  A  prolonged  course 
of  mercury  should  be  prescribed ;  any  of 
the  mercurial  preparations  will  answer  the 
purpose,  such  as  pil.  liydrargyri,  hydrarg. 
Fig.  33.  cum  creta,  the  perchloride,  &c,,  or  the  in- 

unction of  unguentum  hydrargyri  in  the  inner  aspect  of  the  arms 
and  thighs,  where  the  skin  is  soft  and  devoid  of  hair.  Whichever 
form  is  prescribed,  it  should  be  continued  for  a  long  time  ;  but 
its  action  must  be  carefully  watched  lest  salivation  be  produced. 
The  state  of  the  gums  and  inside  of  the  lips  should  be  examined 
at  each  visit ;  and  any  sponginess  being  observed,  the  medicine 
should  be  stopped  until  these  symptoms  have  disappeared. 
In  addition  to  mercury,  the  internal  administration  of  cod-liver 
oil,  of  the  syrup  of  phosphates  of  iron,  quinine,  and  strychnine, 
of  'the  syrup  of  the  iodide  of  iron,  or  of  the  perchloride  of  iron 
with  quassia,  is  a  very  valuable  adjunct.  The  eyes  should  be 
shaded  from  bright  light  and  exposure  to  cold  by  means  of 
tinted  glasses;  if  there  is  photophobia,  they  had  better  be 
closed  and  covered  by  small  pads  of  cotton-wool  and  a  bandage. 
A  i  per  cent,  solution  of  atropine  should  be  systematically 
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dropped  into  the  palpebral  aperture  once  or  twice  daily  through- 
out the  active,  inflammatory  stage:  this  not  only  acts  as  a 
sedative,  but,  by  causing  dilatation  of  the  pupil,  prevents  ad- 
hesions (synechite)  if  iritis  is  present ;  if  photophobia  be  very 
acute,  cocaine  is  a  valuable  adjunct.  When  inflammation  has 
subsided,  and  there  is  no  redness  in  the  circumcorneal  zone,  nor 
any  photophobia  remaining,  the  use  of  the  yellow  oxide  of 
mercury  ointment  (F.  31)  is  advisable,  as  it  promotes  absorption 
of  the  opacity;  it  should  be  put  into  the  palpebral  aperture 
night  and  morning. 

2.  Punctate  keratitis  is  not  a  disease  fer  se,  but  an  evidbiice 


Fig.  34.— Punctate  Keratitis.    (Photomicrograph  x  300.) 
B,  exudations  ;  d,  Descemet's  membrane ;  sp,  substantia  propria. 


of  serous  irido-cyclitis ;  it  is  characterised  by  the  existence  of 
dots  of  opacity  on  the  posterior  surface  of  Descemet's  membrane 
(see  fig.  5,  opposite  p.  100).  The  term  was  formerly  employed 
by  some  surgeons  to  indicate  any  dotted  appearance  in  this  or 
other  parts  of  the  cornea.  The  dots  are  variable  in  size  and 
arrangement,  sometimes  being  visible  to  the  naked  eye,  at  others 
requiring  oblique  focal  illumination  and  the  use  of  a  magnify- 
ing lens.  Microscopically  they  are  seen  as  accumulations  of 
nucleated  cells  of  similar  nature  to  those  of  the  epithelioid  layer 
which  is  also  thickened  in  other  parts  (see  fig.  34).  It  occurs 
in  the  sympathising  eye  in  sympathetic  ophthalmitis,  where  the 
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DESCRIPTION  OF  PLATE. 

Fig  1.— Pannus  (partial). 
„    2.— Pterygium. 
„    3. — Local  Keratitis. 

„    4. — Interstitial  Keratitis  (Salmon-patch  above). 

„    5. — Punctate  Keratitis. 

„    6. — Ulcer  of  Cornea  (healing). 

7. —  Phlyctenular  Conjunctivitis. 
„    8. — Plastic  Iritis. 
„    9. — Gummatous  Iritis. 

„  10. — Posterior  Synechias  (Atropine  has  been  used). 
„  11.— Hypopyon. 
12. — Hypheema 
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dots  are  usually  distributed  irregularly  over  the  epithelioid  layer. 
It  often  appears  in  the  course  of  specific  serous  irido-cyclitis, 
where  it  usually  assumes  a  triangular  form  ;  the  apex  of  the 
triangle  is  in  front  of  the  pupil,  and  the  base  at  the  circumfer- 
ence of  the  cornea,  usually  below. 

3.  Vascular  keratitis  or  pannus  is  a  superficial  vascularity 
and  opacity  of  the  cornea  (fig.  1,  opposite  p.  100  ;  also  fig.  35). 
In  it  we  find  the  deep  portions  of  the  epithelial  layer  of  the 
cornea  infiltrated  with  a  number  of  nucleated  cells,  amongst 
which  very  fine  blood-vessels  make  their  appearance,  and  finally 
become  so  large  as  to  be  visible  to  the  naked  eye  ;  these  vessels 
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Fie.  35.— Pannus.    (Photomicrograph  x  3C0.) 
E,  epithelhun  ;  p,  vascularised  cellular  tissue  ;  b,  Bowman's  membrane ; 
^SP,  substantia  propria. 

are  continuous  with  those  of  the  limbus  conjunctivEe,  and,  when 
sufiiciently  far  apart  to  be  seen  separately,  present  a  tortuosity 
which  distinguishes  them  from  those  met  with  in  other  forms 
of  inflammation  of  the  cornea.  The  superficial  layers  of  the 
corneal  tissue  also  become  somewhat  affected,  being  invaded 
by  patches  of  opacity.  The  number  of  vessels  varies  with  the 
severity  of  the  case  ;  sometimes  they  are  only  three  or  four  in 
number,  and  the  opacity  so  slight  as  to  be  hardly  perceptible. 
In  the  severer  forms  they  are  so  numerous  as  to  constitute  a 
thick  fleshy-looking  web,  and  the  opacity  of  the  sub-epithelial 
tissue  is  so  great  that  the  patient's  vision  is  reduced  to  mere 
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perception  ot  liglit.  In  sucli  a  case  the  cellular  deposit  invades 
and  destroys  the  substantia  propria,  the  deeper  lamina)  only 
being  seen  in  their  natural  state  upon  microscopic  examination. 
In  this  cellular  new-growth  lymphoid  follicles  similar  to  those 
present  in  the  fornix  conjunctive  may  be  found. 

Pannus  is  almost  invariably  caused  by  granular  conjunc- 
tivitis, and  commences  usually  in  that  part  of  the  cornea  which 
is  rubbed  against  by  the  upper  lid  ;  it  is  always  accompanied  by 
more  or  less  photophobia,  lachrymation,  pain  in  the  eye,  swell- 
ing of  the  edges  of  the  lids,  and  impairment  of  vision.  It  is 
sometimes  complicated  by  other  lesions,  as  ulcer  of  cornea,  iritis, 
and  enti'opion. 

Treatment. — In  all  cases  of  pannus  we  have  to  direct  our 
attention  to  the  removal  of  two  conditions — viz.  the  granular 
condition  of  the  conjunctiva  and  the  vascular  web  and  opacity 
of  the  surface  of  the  cornea.  As  the  morbid  condition  of  the 
cornea  is  secondary  to  that  of  the  granular  lids,  this  should  be 
first  treated  by  the  methods  recommended  under  the  head  of 
Granular  Conjunctivitis  (p.  71)  ;  and  it  will  almost  invariably  be 
found  that  the  cure  of  the  granular  roughness  of  the  lids  and  of 
any  trichiasis  or  entropion  that  may  be  causing  friction  of  the 
cornea  will  be  followed  by  a  gradual  clearing-up  of  the  cornea.  It 
may  be  many  weeks  or  months  before  satisfactory  transparency 
is  established,  but  the  improvement  will,  nevertheless,  be  very 
marked,  Keference  has  been  already  made  to  the  treatment  of 
pannus,  under  the  head  of  Granular  Ophthalmia  (p.  71). 

The  operation  of  peritomy  (syndectomy)  is  sometimes  per- 
formed in  cases  of  pannus.  It  consists  in  the  removal  of  a  zone 
of  conjunctiva  about  4  mm.  in  width  from  the  immediate  vicinity 
of  the  cornea.  New  fibrous  tissue  is  formed,  which  subsequently 
contracts,  and  strangles  the  vessels. 

When  pannus  has  been  allowed  to  become  complete,  so  that 
a  fleshy-looking  vascular  web  has  formed  over  the  whole  cornea, 
and  no  transparent  portion  remains,  inoculation  of  pus  is  some- 
times performed.  The  process  consists  in  simply  transferring 
some  purulent  matter  from  the  eye  of  an  infant  during  the  first 
week  of  an  attack  of  ophthalmia  neonatorum  into  the  palpebral 
aperture  of  the  patient.  An  acute  attack  of  purulent  conjunc- 
tivitis is  thus  estaijlished,  and  is  sometimes  followed  by  clearing 
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lip  of  tlie  corneca.  Not  unfi-equently,  however,  the  process  is 
followed  by  complete  destruction  of  the  eye.  The  contagious 
and  destructive  nature  of  this  remedy  renders  it  very  objection- 
able.   It  should  only  be  adopted  as  a  last  resource. 

The  artificial  production  of  purulent  conjunctivitis  by  means 
of  jequirity,  as  a  means  of  cure  both  for  granular  lids  and  for 
pannus,  is  a  milder  remedy  for  this  extreme  condition,  but  is  still 
fraught  with  considerable  danger  of  causing  panophthalmitis.  It 
should  only  be  employed  in  chronic  persistent  cases  where  other 
remedies  have  failed,  after  patient  trial,  and  in  which  there  is 
considerable  opacity  of  the  cornea.  It  is  particularly  dangerous 
where  ulceration  of  the  corneal  surface  is  present.  An  infusion 
of  the  seeds  of  jequirity^  is  used  for  this  purpose.  It  is  prepared 
as  follows  :  Take  3  grammes  of  the  pulverised  seeds,  and  mace- 
rate for  twenty-four  hours  in  500  grammes  of  cold  water,  and 
then  add  500  grammes  of  boiling  water.  Allow  the  infusion  to 
cool,  then  filter  immediately. 

This  infusion  is  to  be  introduced  to  the  palpebral  sac  three 
times  in  the  day.  If  the  resulting  irritation  is  severe,  this  will 
be  sufficient,  otherwise  the  application  must  be  continued  on  the 
second,  and,  if  necessary,  on  the  third  day. 

It  is  followed  in  a  few  hours  by  severe  irritation  of  the 
ocular  and  palpebral  conjunctiva.  Acute  inflammation  follows 
the  next  day ;  the  patient  can  no  longer  open  his  eyes  ;  the  lids 
are  cedematous,  and  there  is  serous  secretion,  which  is  suffi- 
ciently copious  to  drop  from  the  lids  if  the  patient  lowers  his 
head. 

This  continues  for  several  days,  and  is  accompanied  by 
pyrexia,  sleeplessness,  headache,  and  constipation.  After  the 
third  day  the  period  of  suppuration  sets  in,  and  lasts  about  five 
days.  The  suppuration  then  gi^adually  decreases,  and  the  patient 
begins  to  feel  improvement  up  to  the  fifteenth  day,  about  which 
time  he  is  finally  free  from  inflammation,  and  is  often  cured  of 
his  granulations,  whilst  the  cornea  gradually  begins  to  clear. 

4.  Phlyctenular  keratitis  (pustular  keratitis,  vesicular  kera- 
titis) is  characterised  by  the  appearance  of  one  or  more  small 
pustules  on  the  surface  of  the  cornea.    They  are  similar  to  those 

•  Annalcs  cF OcuUstiqtw,  August  18S2,  p.  2i.    Also  see  Opldltalmic  Menen', 
vol.  ii.  p.  1',). 
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occurring  in  plilyctenular  conjunctivitis  (p.  82)  :  in  fact,  both 
cornea  and  conjunctiva  ai"e  frequently  attacked  together.  Each 
consists  of  an  aggregation  of  leucocytes  just  beneath  the  epi- 
thelial layer.  They  may  occur  simultaneously  or  in  successive 
crops.  They  may  attack  any  part  of  the  cornea,  but  are  usually 
found  near  the  sclero-corneal  junction.  At  the  end  of  three  or 
four  days  they  usually  rupture,  and  form  a  superficial  ulcer. 

There  is  alwaj's  photophobia,  which  is  sometimes  so  great 
as  to  cause  acute  blepharospasm.  The  ocular  conjunctiva  is 
usually  injected,  and  often  contains  similar  pustules.  As  the 
ulcer  heals,  a  leash  of  vessels  is  often  developed  between  it  and 
the  margin  of  the  cornea.  This  disappears  when  the  ulcer  has 
quite  healed. 

This  affection  is  common  amongst  strumous  children,  and 
occurs  more  frequently  amongst  the  poor  and  ill-fed  than 
amongst  the  well-to-do. 

A  variety  of  this  affection,  and  one  frequently  overlooked, 
presents  distinctive  features :  numerous  small  white  vesicular- 
looking  spots  occur  at  the  sclero-corneal  margin,  accompanied 
by  intense  photophobia  and  lachrymation,  marked  myosis,  and 
considerable  conjunctival  injection.  Slight  chemosis  of  the  con- 
junctiva often  hides  the  trouble,  and  the  condition  is  put  down 
as  one  of  catarrhal  ophthalmia.  The  contraction  of  the  pupil, 
the  intensity  of  the  symptoms,  together  with  the  absence  of 
lymph-flakes  in  the  culs-de-sac,  readily  clear  up  the  doubt.  The 
trouble  is  usually  symmetrical,  and  liable  to  recur. 

Treatment. — The  local  treatment  consists  in  shading  the 
eyes  from  light,  and  in  applying  slightly  astringent  and  anti- 
septic remedies  to  the  affected  part.  The  cold  compresses  or 
drops  of  boracic  acid  (F.  10)  and  the  oxide  of  mercury  ointment 
(F.  31)  are  beneficial ;  and  when  there  is  much  pain  these  can 
be  combined  with  atropine  drops  or  ointment  of  similar  strength. 
The  general  health  must  be  improved. 

5.  Herpes  cornese  is  a  rare  form  of  superficial  keratitis,  occur- 
ring usually  in  conjunction  with,  or  following  an  attack  of  herpes 
ophthalmicus  (p.  34).  One,  two,  or  more  blebs  form  on  the 
cornea,  more  frequently  upon  its  lower  half,  which  eventually 
hurst,  leaving  small  ulcers  in  their  place.  These  corneal  changes 
attended  with  considerable  circumcorneal  injection,  slight 
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photopliobica  and  laclirymation.  A  cliaracteristic  feature  is  the 
loss  of  all  sense  of  touch  and  pain  in  the  cornea.  This  anaesthesia 
is  very  detrimental  to  the  healing  process  of  the  ulceration,  as 
the  patient  is  liable  to  rub  the  cornea  with  a  handkerchief  to 
'  try  and  clear  the  eye,'  not  aware  of  the  damage  that  is  being 
self-inflicted.  Intense  frontal  neuralgia  is  a  usual  accompani- 
ment of  this  complaint,  and  is  difficult  to  relieve.  The  loss  of 
corneal  epitheliiTm  is  readily  shown  by  the  instillation  of  a  drop 
of  fluorescin  solution,  which  stains  the  denuded  substantia 
propria  green,  whereas  the  healthy  epithelium  remains  unstained 
(F.  29). 

Treatment. — Keep  the  eye  bandaged,  and  allow  no  one  except 
a  nurse  or  intelligent  friend  to  remove  it  when  the  necessary 
atropine  drops  are  instilled.  Cocaine  should  be  avoided,  as  it 
is  not  necessary  and  only  detrimental  to  the  corneal  epithelium . 
Counter-irritation  usually  intensifies  the  neuralgia.  Tonics,  as 
quinine  and  strychnine,  are  beneficial  and  necessary,  as  well  as 
a  supporting  diet.  The  application  of  the  continuous  galvanic 
current,  one  pole  placed  at  the  nape  of  the  neck  and  the  other 
over  the  closed  eyelids,  appears  to  relieve  pain  and  hasten  the 
cure. 

6.  Suppurative  keratitis  may  be  diffuse  or  circumscribed.  In 
the  diffuse  form  the  cornea  first  loses  its  brilliancy,  then  assumes 
a  greyish-white  appearance,  which  soon  becomes  of  a  yellowish 
tint,  indicating  the  formation  of  pus  between  the  lamellaj. 
This  process  of  infiltration  and  suppuration  takes  place  very 
rapidly,  a  few  days  sufficing  for  the  whole  of  the  cornea  to  be- 
come involved.  The  epithelium  disappears,  the  more  super- 
ficial lamella  become  separated  from  the  deeper  by  a  layer  of 
pus,  and  are  detached,  causing  so  much  loss  of  substance  that 
the  deeper  parts,  unable  to  resist  the  intra-ocular  pressure,  are 
pushed  forwards  and  ruptured,  thus  forming  an  extensive 
perforation.  In  the  more  favourable  cases  of  diffuse  keratitis 
there  may  be  no  perforation,  but  there  is  always  considerable 
bulging  forwards  (staphyloma)  of  the  anterior  part  of  the  globe, 
and  so  much  corneal  opacity  that  vision  is  greatly  interfered 
with. 

Tins  affection  may  come  on  as  a  complication,  or  extension, 
of  some  other  local  affection  ;  thus  it  is  frequently  found  during 


lOG 


DISJEASUS  OF  THE  CORNEA. 


the  course  of  purulent  conjunctivitis.  It  not  unfrequently 
appears  witli  traumatic  iritis  and  irido-cyclitis  after  the  extrac- 
tion of  cataract. 

In  the  circumscribed  form  of  keratitis,  some  portion  of  the 
cornea  becomes  dull  in  appearance,  an  opaque  whitish  patch 
appears,  and  is  surrounded  by  a  greyish  halo ;  the  central  part 
of  the  patch  then  assumes  a  yellowish  tint,  indicating  the  exist- 
ence of  abscess  of  the  cornea.  When  the  abscess  is  near  the 
surface,  the  superficial  layers  of  the  cornea  break  down  and 
form  a  superficial  ulcer.  When  it  is  deeply  sitiiated  the  point- 
ing takes  place  inwards,  and  the  pus  passes  into  the  anterior 
chamber.  It  occasionally  happens  that  an  abscess  opens  both 
outwards  and  inwards,  and  so  forms  a  fistulous  opening  into 
the  anterior  chamber.  The  contents  of  the  localised  suppura- 
tions are  more  tenacious  in  character  than  pus  from  other  tissues  ; 
this  is  particularly  evident  after  rupture,  or  after  incision  by  the 
surgeon,  when  the  contained  matter  often  comes  away  en  masse, 
rather  than  in  the  liquid  form.  Microscopically,  it  consists  of 
pus-cells  and  broken-down  connective  tissue  of  the  cornea. 

The  laminse,  between  which  the  pus  is  situated,  are  some- 
times so  separated  that  the  latter  gravitates  towards  the  inferior 
part,  and  so  presents  a  fancied  resemblance  to  the  lunule  at  the 
base  of  the  finger-nail ;  hence  the  condition  has  been  termed 
onyx.  When  puro-lymph  is  present  in  the  anterior  chamber 
it  gravitates  towards  the  lower  part,  and  the  condition  is  then 
termed  hypopyon;  this  is  a  frequent  complication  of  deep 
ulcers  of  the  cornea,  especially  in  old  people.  The  quantity 
of  pus  in  the  anterior  chamber  is  very  variable,  sometimes 
only  a  faint  yellow  line  can  be  seen  at  the  lower  part  of  the 
chamber.  Hypopyon  can  generally  be  distinguished  from  onyx 
by  the  fact  that  the  upper  level  of  the  fluid  is  a  horizontal  line, 
while  in  onyx  the  limit  is  usually  irregular.  If  the  pus  in 
hypopyon  is  sufficiently  fluid  to  shift  its  position  with  movements 
of  the  head,  this  fact  at  once  establishes  the  diagnosis  (see 
fig.  11,  opposite  p.  100  ;  also  fig.  36).  In  onyx,  focal  illumina- 
tion will  generally  render  it  evident  that  the  pus  is  m  the  sub- 
stance of  the  cornea.  The  two  conditions  may,  however,  coexist. 

Suppurative  keratitis  may  come  on  spontaneously  m  persons 
of  scrofulous  diathesis.  It  may  occur  at  any  age,  and  is  common 
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old  i:ecp]e  AAl;ere  Ihe  coniea  lias  received  seme  injuiy,  as 
from  a  foreign  body  under  the  eyelid,  or  an  abrasion  near  the 
centre. 

Treatment.— In  the  early  stage,  the  eyelids  should  be  well 
fomented  with  warm  water  or  warm 
decoction  of  poppy-heads  every  few 
hours,  and  a  ^  per  cent,  solution  of 
atropine  dropped  into  the  palpebral 
aperture  at  frequent  intervals.  The 
eyes  after  each  bathing  should  be 
covered  by  a  compress  of  lint  dipped 
in  hot  water,  and  covered  over  with 
cotton-wool  or    a  light  bandage. 
Some  surgeons  prefer  that  the  fomen- 
tation should  be  rendered  antiseptic 
by  the  presence  of  ^  per  cent,  of 
carbolic  or  salicylic  acid.  When  the 
abscess  is  established,  it  may  be 
treated   either  by  puncture,  or  by 
the  method  of  Saemisch.  When 
hypopyon  exists,    paracentesis  of 
the  anterior  chamber  should  be  per- 
formed.  Small  collections  of  puro- 
lymph  are,  however,  frequently  ab- 
sorbed from  tbe  anterior  chamber. 
The  general  health  of  the  patient  should  be  sustained  by  good 
food,  fresh  air,  ammonia  and  bai"k,  or  quinine. 

7.  Ulcers  of  the  cornea  constitute  an  important  part  of  oph- 
thalmic practice.  They  are  mostly  preceded  by  more  or  less 
infiltration  and  greyish  opacity ;  first  the  superficial  and  then 
the  deeper  laminae  break  down  at  the  centre  of  the  part  thus 
afiected,  causing  actual  loss  of  corneal  tissue.  In  most  cases  of 
ulcer  there  is  more  or  less  pain,  intolerance  of  light,  and  in- 
jection of  the  circumcorneal  zone  of  vessels. 

Ulcers  may  be  classified  into  three  chief  groups  :  (a)  Super- 
ficial.   (It)  Deep,    (c)  Serpiginous. 

(a)  Superficial  ulcers  are  usually  circumscribed,  and  often  so 
transparent  that  they  may  escape  attention  unless  oblique  focal 
illumination  is  used.    By  this  method  of  examination,  however, 


Fig.  36. — ^^''ertical  Section 
through  anterior  part  of 
Globe  (diagrammatic). 
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tliey  can  always  be  detected,  and  are  usually  found  to  have 
margins  more  or  less  infiltrated  and  opalescent.  Any  doubt  as 
to  the  existence  of  an  abraded  surface  or  ulcer  of  the  cornea  can 
be  at  once  dispelled  by  the  use  of  solution  of  fluorescin  (F.  29), 
a  drop  of  which,  when  placed  in  the  palpebral  sac,  will  at  once 
colour  the  denuded  portion  bright  green.  Both  ulcers  and 
abrasions  are  attended  by  severe  photophobia,  lachrymation,  and 
neuralgic  pains  in  and  around  the  eye.  When  situated  near 
the  centre  of  the  cornea,  vision  is  much  intei'fered  with ;  when 
peripheral,  it  is  but  slightly  affected. 

Ulcers  are  often  of  traumatic  origin,  being  caused  by  a 
slight  scratch  or  blow,  or  by  the  presence  of  a  foreign  body. 
They  sometimes  come  on  during  the  course  of  an  attack  of 
conjunctivitis,  more  especially  in  the  phlyctenular  form.  As  a 
rule,  early  and  proper  treatment  will  cause  healing  of  the  ulcer 
without  leaving  any  permanent  opacity. 

(6)  Deep  ulcers  are  frequently  caused  by  an  injury,  such  as 
an  abrasion,  a  scratch,  or  a  contused  wound  of  the  cornea ;  they 
occasionally  follow  the  rupture  of  a  pustule,  as  in  phlyctenular 
keratitis.  They  are  not  unfrequent  complications  during  an 
attack  of  small-pox,  or  after  measles.  They  constitute,  as  we 
have  seen,  a  serious  feature  in  severe  inflammation  of  the  con- 
junctiva, be  it  granular,  purulent,  or  diphtheritic.  Occasionally 
we  find  ulceration  of  the  cornea  supervening  in  cases  paralysis 
of  the  fifth  nerve,  which  supplies  the  trophic  and  sensory  fibres 
to  the  eyeball  (neuro-paralytic  keratitis).  It  is  a  most  destructive 
kind  of  inflammation :  the  cornea  may  necrose  and  slough  away, 
with  loss  of  the  eyeball.  There  is  aneesthesia  of  the  cornea  and 
conjunctiva.  The  inflammatory  symptoms  of  ulceration,  as  pho- 
tophobia, lachrymation,  pain,  and  redness,  are  not  pronounced. 
In  those  cases  that  improve,  the  process  of  recovery  is  most 
tardy.  Herpes  cornea  is  a  very  similar  afiection,  and  is  said  to 
be  due  to  changes  occurring  in  the  Gasserian  ganglion.^ 

Deep  ulcers  commence  by  first  attacking  the  epithelium,  and 
then  spreading  both  in  extent  and  depth  to  the  proper  tissue  of 
the  cornea,  destroying  both  the  corneal  corpuscles  and  the  mter- 
cellular  substance.  Their  edges  are  copiously  infiltrated  with 
leucocytes  and  present  a  greyish-white  colour,  which  gradually 
shades  off-  into  clear  corneal  substance.    When  the  process  has 
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ceased  to  be  progressive,  the  edges  of  the  ulcer  become  less 
abrupt,  and  its  floor  is  gradually  filled  by  regular  layers  of  cells, 
which  become  organised  into  white  fibrous  tissue ;  the  epithe- 
lium then  begins  to  be  restored,  and  the  surrounding  corneal 
tissue  regains  its  transparency.  Ulcers  vary  much  in  size,  and 
mav  attack  any  part  of  the  cornea.  They  are  always  attended 
by  photophobia,  lachrymation,  and  pain  in  and  around  the  eye  ; 
the  degree  of  severity  of  these  symptoms  is  very  variable.  In 
deep  ulcers  there  is  always  danger  of  perforation.  The  posterior 
elastic  lamina  may  be  ruptured  by  intra-ocular  pressure ;  or  it 
may  be  pushed  forwards,  so  as  to  protrude  in  the  form  of  a 
small  transparent  bladder.  This  protrusion  may  contain  more 
or  less  of  the  pupillary  margin  of  the  iris,  especially  if  rupture 
takes  place ;  the  crystalline  lens  and  its  capsule  may  also  be 
pushed  forwards  against  the  back  of  the  corneal  fistula  thus 
established.  Iritis  follows,  and  plastic  exudation  is  thrown  out 
by  which  the  iris  becomes  adherent  to  the  cicatrix  in  the  cornea, 
and  the  inflammatory  process  and  exudation  may  extend  to  the 
capsule  of  the  lens,  producing  a  permanent  white  opacity  (pyra- 
midal cataract)  such  as  we  so  frequently  see  after  ulceration  in 
ophthalmia  neonatorum. 

When  the  deep  ulceration  has  been  extensive,  we  may  find 
forward  bulging  of  part  or  whole  of  the  altered  cornea  to  a 
variable  extent  (anterior  staphyloma)  (see  fig.  43).  When  per- 
foration is  large,  almost  the  whole  of  the  iris  may  be  protruded, 
and  in  some  severe  cases  even  the  crystalline  lens,  and  the 
vitreous  humour  may  be  pushed  forwards  and  evacuated.  In 
the  majority  of  cases  the  position  of  the  ulcer  is  marked  by  a 
persistent  patch  of  opacity.  The  density  of  this  presents  every 
shade  of  variety ;  when  very  slight,  so  as  to  be  perceptible  only 
on  close  examination,  it  is  usually  called  a  nehida ;  when  dis- 
tinctly opalescent,  a  leucoma. 

When  the  substantia  propria  of  the  cornea  is  destroyed  it 
is  not  regenerated,  but  replaced  by  fibrous  tissue,  the  amount  of 
which  determines  the  degree  of  opacity  (see  fig."  37). 

If  the  patch  of  opacity  thus  established  happens  to  be  oppo- 
site the  aperture  of  the  pupil,  there  is  necessarily  much  inter- 
ference with  vision  ;  if  situated  nearer  the  periphery,  this  is  less 
marked  ;  but  in  either  case  it  often  happens  that  after  cicatrisa- 
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tion  tlie  cornea  is  not  restored  to  its  normal  thickness,  hut  has  a 
faceted  appearance,  or  even  a  depression  corresponding  to  the 
position  of  the  ulcer.  This  irregularity  of  surface  is  in  itsell" 
sufficient  to  cause  serions  diminution  of  vision.  See  Irregular 
Astigmatism. 

(c)  Serpiginous  ulcers  generally  occur  in  elderly  or  prema- 
turely-old people.  They  are  most  common  amongst  those  whose 
occupation  exposes  them  to  slight  wounds  of  the  cornea.  A 
strongly  predisposing  and  aggravating  cause  undoubtedly  exists 
in  obstruction  of  the  nasal  dnct.    From  the  clinical  aspect  of 
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j'lQ  37.— Corneal  Cicatrix.    (Photomicrograph  x  300.) 
E,  epltheUiim  dipping  down  into  the  soar-tissue ;  sp,  substantia  propria ;  c,  cicatrix. 

these  ulcers,  it  is  highly  probable  that  they  are  caused  by  the 
presence  of  micro-organisms. 

This  kind  of  ulcer  may  commence  in  any  part  of  the  cornea. 
It  is  usually  crescentic  in  form,  and  presents  the  appearance  of 
a  deep  groove  having  almost  perpendicular  walls.  The  edges 
of  the  ulcer  are  swollen  and  infiltrated,  they  have  a  greyish- 
vellow  tint  and  a  punched-out  appearance.  The  surrounding 
cornea  is  frequently  more  or  less  infiltrated.  The  part  first 
attacked  may  become  filled  up  by  new  tissue,  whilst  the  ulcera- 
tion creeps  along  the  cornea.  ,      ,      v  l.nt 

A  serpiginous  ulcer  may  be  comparatively  chronic,  but  is 
generally  attended  with  considerable  pain,  photophobia,  and 
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lachrymation.  Unless  its  progress  can  be  checked  by  treat- 
ment, it  usually  involves  a  large  extent  of  the  cornea,  which, 
by  thus  having  its  nutrition  cut  off,  may  partly  or  entirely 
slough.  Hypopyon,  iritis,  and  even  panophthalmitis,  may  also 
be  set  up  by  severe  ulcer  of  this  kind. 

The  treatment  of  ulcers  of  the  cornea. — In  all  recent  cases, 
especially  when  the  ulcer  appears  to  be  of  a  progressive  nature, 
it  is  well  to  make  careful  inquiry  as  to  causation.  Where  an 
injury  has  been  inflicted,  there  may  be  a  foreign  body  still  in  the 
cornea  or  conjunctival  sac;  if  eyelashes  are  inverted  they  must 
be  removed  ;  if  catarrhal,  granular,  or  purulent  ophthalmia  exists, 
attention  to  the  conjunctival  affection  becomes  of  the  greatest 
importance ;  but  it  must  be  remembered  that  irritating  substances, 
such  as  nitrate  of  silver  and  sulphate  of  copper,  if  used,  must 
as  far  as  possible  be  kept  away  from  the  ulcer  of  the  cornea — 
indeed,  blue-stone  had  better  not  be  used  at  all  in  such  cases  ; 
the  same  remark  applies  to  the  use  of  lead-lotions,  for  fear  of 
lead  deposit.   The  chief  objects  to  be  aimed  at  in  treatment  are: 

1.  To  soothe  local  pain. 

2.  To  protect  the  ulcer  from  friction  against  the  eyelids, 
and  from  exposure  to  light. 

3.  To  diminish  intra-ocular  tension. 

4.  To  stimulate  and  depurate  the  ulcerated  surface. 

5.  To  produce  countei'-irritation. 

6.  To  improve  the  general  health. 

1.  Local  jjain  can  be  soothed  by  the  use  of  atropine  drops 
every  few  hours  (F.  18  or  24).  This  will  also  dilate  the  pupil 
in  case  of  iritis  being  present,  and  in  simple  cases  may  be  all 
that  is  required.  In  rapidly  progressive  cases,  however,  the 
atropine  mast  be  combined  with  cocaine,  and  used  frequently  in 
the  form  of  drops.  Its  sedative  action  will  be  further  assisted 
by  the  use  of  hot-water  fomentations.  Pads  of  cotton-wool  or 
lint,  steeped  in  very  hot  water,  should  be  laid  over  the  closed  eye- 
lids at  frequent  intervals,  and  covered  with  a  thick  layer  of  dry 
warm  cotton-wool  so  as  to  retain  the  heat. 

Belladonna  fomentations  and  compresses  (F.  37)  are  also 
useful  in  allaying  pain,  but  the  odour  is  very  offensive,  and  the 
-  skin  of  the  face  is  stained.    Subcutaneous  injection  of  morphia 
over  the  temporal  region  gives  temporary  relief. 
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Where  there  is  acute  and  prolonged  blepharospasm,  as  not 
unfrequently  happens  in  ulcers  of  the  cornea,  great  relief  is 
sometimes  given  by  paracentesis  of  the  anterior  chamber.  It 
is  also  often  relieved  by  treating  the  skin  over  the  eyebrows 
and  lower  frontal  regions  by  the  solid  nitrate  of  silver  stick. 
The  application  should  be  repeated  every  second  day.  Both 
of  these  remedies  may  be  combined. 

2.  Friction  of  the  lids  against  the  ulcer  by  constant  wink- 
ing and  exposure  to  light  can  be  diminished  by  wearing  a  large 
black  or  green  shade  over  both  eyes.  When  there  is  but  slight 
non-purulent  discharge,  the  eye  may  be  entirely  closed  by  a  light 
pad  and  bandage  ;  but  when  the  discharge  is  purulent  or  muco- 
pm-ulent,  it  must  be  allowed  free  exit  and,  indeed,  be  irrigated 
with  weak  antiseptic  lotion.  The  disease  being  probably  due 
to  the  presence  of  infecting  micro-organisms,  their  retention  in 
the  palpebral  sac  by  the  use  of  a  pad  would  be  fraught  with 

danger.  _  _ 

8.  Diminution  of  intra-ocular  tension  is  often  indicated, 
especially  in  deep  ulcers,  where  there  is  danger  of  perforation 
or  protrusion  of  Descemet's  membrane.  We  are  led  to  this  con- 
clusion by  the  fact  that  after  the  spontaneous  rupture  of  a  long- 
standing ulcer  the  healing  process  is  immediately  accelerated ; 
also,  by  the  clinical  experience  that,  when  paracentesis  is  per- 
forr^ed  npon  an  eye  which  is  in  danger  of  perforating  ulcer, 
that  calamity  is  prevented,  the  spreading  of  the  ulcer  is  stopped, 
and  its  cure  accelerated.  The  intra-ocular  tension  may  be  re- 
duced in  several  ways. 

(i )  The  use  of  eserine  drops  (F.  26),  with  the  addition  of 
cocaine,  every  few  hours  has  the  combined  effect  of  relieving 
the  tension  and  stimulating  the  ulcerated  surface.  This  remedy 
is  strongly  advocated  by  some  surgeons;  but  it  must  be  re- 
membered that  eserine  is  an  irritating  substance,  and  so  is 
likely  to  increase  any  iritis  that  may  exist;  also,  that  it  is  a 
powerful  myotic,  and  thereby  favours  the  formation  of  extensive 
posterior  synechite.  When  an  ulcer  is  small  and  peripheral  and 
in  danger  of  perforation,  or  has  recently  perforated,  the  use  ot 
eserine  may  prove  very  useful  in  drawing  the  iris  away  from  the 
affected  part ;  but  when  the  nicer  is  central,  the  use  of  atropme  is 
^  much  better  agent,  since  it  not  only  soothes  the  eye,  but  tends 
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to  keep  the  pupil  dilated  and  away  from  the  perforation  if  it 
should  occur. 

When  the  iris  has  actually  prolapsed  through  the  perforated 
cornea,  the  protruding  portion  should  be  removed  as  far  as 
possible  so  as  to  prevent  the  iris  being  clamped  in  the  scar  of 
the  cornea.  In  cases  of  recent  date,  say  under  eight  days,  the 
iris  can  easily  be  seized  with  iris  forceps,  drawn  well  forward, 
and  cut  off  close  to  the  cornea  with  iris  scissors,  after  which  it 
will  generally  recede  into  the  anterior  chamber,  and  either  keep 
free  of  the  wound  or  only  be  adherent  to  its  posterior  surface. 
In  older  perforations  this  cannot  be  done;  but  even  here  it  may 
sometimes  be  liberated  from  its  adhesions  in  the  perforating 
wound  and  cut  off  level  with  the  surface  of  the  cornea.  In  large 
perforations  with  prolapse,  where  the  lens  also  presents  itself,  its 
capsule  may  be  lacerated  and  the  lens  allowed  to  escape. 

(ii.)  Paracentesis  of  the  anterior  chamber  is  a  very  excellent 
means  of  temporarily  reducing  the  tension  of  the  eye,  and  is 
most  useful  in  these  cases  of  threatening  or  actual  perforation. 
It  is  superior  to  the  use  of  eserine,  inasmuch  as  it  completely 
relieves  tension,  and  often  gives  marked  relief  to  the  intense 
pain  which  is  frequently  experienced. 

The  operation  is  performed  as  follows  :  The  eye  having  been 
cocainised,  the  patient  is  placed  in  the  horizontal  posture,  and 
the  eyelids  separated  by  a  speculum ;  the  eye  is  fixed  by  means 
of  fixation  forceps  in  the  manner  shown  in  fig.  38.  A  triangular 
keratome  is  then  introduced  at  the  lower  part  of  the  sclero- 
corneal  junction.  Moderately  firm  pressure  is  first  made  in  the 
direction  of  the  centre  of  the  globe — that  is,  at  right  angles  to  its 
surface.  As  soon  as  the  point  of  the  instrument  is  seen  just 
within  the  periphery  of  the  anterior  chamber,  its  direction  is 
immediately  changed,  so  that  the  blade  passes  in  a  plane  parallel 
to  and  just  in  front  of  the  iris ;  it  is  continued  in  this  direction 
until  the  external  wound  is  about  3  mm.  or  4  mm.  in  length. 
The  keratome  is  then  gradually  withdrawn,  its  blade  being  kept 
nearer  to  the  back  of  the  cornea  than  before. 

In  performing  this  operation,  attention  should  be  paid  to  the 
following  points  :  (1)  If  the  incision  is  made  obliquely,  and  not 
at  right  angles  to  the  surflice,  there  is  danger  of  passing  the 
blade  of  the  instrument  between  the  lamellae  of  the  cornea 
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instead  of  directly  into  tlie  anterior  chamber.  (2)  The  direc- 
tion of  the  instrument  must  be  changed  as  soon  as  the  point  has 
entered  the  anterior  chamber,  otherwise  there  is  danger  of 
woimding  the  iris  and  the  crystalline  lens.  (3)  During  the 
withdrawal  of  the  keratome,  its  blade  should  be  still  more  ap- 
proximated to  the  cornea,  as,  with  the  escape  of  the  aqueous, 


FtG.  38.— Paracentesis  of  the  Anterior  Chamber. 

the  lens  and  iris  frequently  bulge  forwards.  (4)  Should  the 
iris  protrude  through  the  wound,  it  must,  if  possible,  be  returned 
by  means  of  a  blunt  spatula  (fig.  39),  or,  if  this  cannot  be 
accomplished,  the  hernia  must  be  seized  with  the  iris  forceps 
and  cut  off  as  in  the  operation  for  iridectomy. 

Saemisch's  operation  was  formerly  much  used  for  relieving 
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tension,  and  at  the  same  time  giving  free  exit  to  pus  in  cases  of 
abscess  and  suppurating  ulcers  of  the  coraea.  It  consists  in 
completely  dividing  all  the  affected  structures,  as  well  as  Desce- 
raet's  membrane.  This  remedy,  however,  is  gradu- 
ally dropping  out  of  use,  its  place  being  taken  by 
the  actual  cauteiy. 

4.  Depuration  and  stimulation  of  the  ulcer  are 
frequently  indicated.  When  an  ulcer  is  suppu- 
rating, and  especially  when  it  is  rapidly  extending, 
or  when  it  has  a  greyish  sluggish  appearance,  the 
application  of  iodoform,  either  as  a  fine  powder 
•dusted  into  the  eye,  or  in  the  form  of  an  ointment 
2  per  cent,  placed  within  the  closed  eyelids,  is  a 
good  remedy. 

If  after  a  few  days  the  surface  shows  no  sign 
•of  improvement,  or  should  the  ulcer  appear  to  be 
encroaching  still  further  upon  the  healthy  tissue,  the 
•actual  cautery  must  be  used  without  delay.  For 
this  purpose  a  small  pointed  Paquelin's  thermo-cau- 
tery  may  be  used ;  but  a  still  better  instrument  is 
the  small  galvano-cautery  represented  in  figs.  40 
and  41.^  It  is  light  and  easily  manipulated,  and  is 
supplied  with  a  variety  of  small  platinum  termi- 
nals, which  are  flat,  blunt,  or  sharp,  and  so  can  be 
applied  to  the  surface  and  beneath  the  edges  of  the 
ulcer  in  the  most  efiicient  manner ;  and  should  it 
be  desired  to  perforate  the  anterior  chamber  at  the 
same  time,  this  can  easily  be  effected  by  the  pointed 
terminal.  Six  per  cent,  solution  of  cocaine  in- 
stilled for  some  minutes  before  the  operation  suffices 
to  prevent  all  severe  pain. 

The  object  of  the  actual  cautery  is  essentially 
to  destroy  infective  micro-organisms  which  are 
presumed  to  be  rampant  just  at  the  junction  of 
the  healthy  and  the  suppurating  tissue.  The 
surface  should  be  gently  dried  with  lint  before 
using  the  cautery,  and  the  latter  used  at  a  dull  red 
heat. 

'  Made  by  K.  Schall,  55  Wigmore  Street,  London,  W 
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Blunt  Spatula. 
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When  an  ulcer  has  become  indolent  and  chronic,  and  when 
there  is  but  little  congestion  of  the  ciliary  region,  although  there 
may  be  some  vascularity  of  the  cornea  at  the  edge  of  the  ulcer 

 in  other  words,  when  the  process  of  cicatrisation  has  set  in, 

attempts  should  be  made  to  repi-oduce  the  lost  tissue  by  stimu- 
lating substances  applied  to,  or  even  rubbed  into,  its  surface. 
One  of  the  best  stimulants  and  absorbents  for  this  purpose  is 
the  yellow  oxide  of  mercury ;  it  may  be  applied  in  the  form  of 


Fig.  40.— Galvano-cautery  (one-third  size). 

ointment  (F.  31),  a  few  grains  being  placed  inside  the  palpe- 
bral aperture  twice  daily.  This  should  be  well  rubbed  m  by 
means  of  the  finger  placed  outside  the  upper  lid,  the  hd  bemg 
thus  used  as  an  instrument  of  massage,  for  several  minutes  after 
each  application.  If  much  pain  is  complained  of,  a  little  cocaine 
used  before  the  rubbing  will  prevent  suffering.  This  remedy  is 
somewhat  irritating,  and  therefore  cannot  be  used  where  much 


Fig.  41.— Cautery  Points  (natural  size), 
pain  and  congestion  are  still  present.    It  is,  nevertheless  well 
to  persevere  with  it  in  chronic  or  indolent  cases  m  spite  of  ap- 
parent aggravation  of  the  case,  so  long  as  the  ulcer  appears  to 
heal  and  the  surface  to  become  clearer. 

Solid  mitigated  nitrate  of  silver  (F.  4),  or  a  2  per  cent  solu- 
tion of  nitrate  of  silver,  is  sometimes  beneficial  in  ulcers  of  long 
sta^^ig,  especially  if  they  are  accompanied  ^ ^^^^^^^ 
It  should  be  applied  once  in  twenty-four  to  forty-eight  hours, 
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but  its  action  requires  to  be  watched  for  fear  of  aggravating  tlie 
disease. 

Calomel  dusted  into  the  palpebral  aperture  is  often  bene- 
ficial in  these  chronic  ulcers ;  this  practice,  however,  sometimes 
causes  intense  pain,  and  I  prefer  the  use  of  the  yellow  oxide 
of  mercury  ointment. 

5.  Counter-irritation  is  an  old  and  well-known  assistant  in 
the  cure  of  chronic  forms  of  ulcer.  If  the  foregoing  remedies 
have  failed  to  produce  the  desired  effect,  they  will  be  more 
likely  to  succeed  in  conjunction  with  a  seton.  This  should 
consist  of  a  ligature  of  stout  silk  passed  beneath  the  skin  for 
a  distance  of  about  2  cm.  It  should  be  introduced  just  below 
the  hair  at  the  nape  of  the  neck,  or  in  the  temporal  region, 
and  retained  for  many  weeks  if  necessary,  not  being  removed 
until  at  least  two  weeks  after  the  cure  of  the  ulcer ;  the  silk 
should  be  loosely  tied  so  that  it  can  be  moved  to  and  fro  in  the 
wound  every  day.  A  blister  to  the  temporal  region  or  behind 
the  ears,  although  useful,  is  less  effectual  than  the  seton. 

6.  Imp-ovement  of  the  general  health  is  also  a  cardinal  point 
in  the  treatment  of  all  ulcers  of  the  cornea.  The  patient  should 
be  placed  under  the  best  possible  hygienic  conditions;  good 
food,  plentiful  exercise  in  the  open  air,  and  the  internal  use  of 
tonic  medicines,  such  as  iron,  quinine,  ammonia  and  bark,  or 
cod-liver  oil,  as  the  natyre  of  the  case  may  indicate. 

In  the  case  of  ulcer  from  nerve-lesion,  the  eye  should  be 
closed  by  means  of  a  light  compress  and  bandage.  A  little 
atropine  should  be  used  daily  to  prevent  iritic  adhesions,  while 
the  affection  of  the  nerve  is  treated  by  the  primary  galvanic 
current,  iodide  of  potassium,  and  other  remedies. 

The  use  of  applications  containing  the  salts  of  lead  is  par- 
ticularly to  be  avoided  in  all  corneal  ulcerations,  inasmuch  as  a 
permanent  opacity  may  be  fonned  from  the  deposit  of  an  inso- 
luble carbonate  of  the  metal. 

Prognosis  in  corneal  ulcer  is  frequently  very  difficult  both  as 
to  the  duration  of  the  case  and  the  visual  defect  which  may 
result.  Small  dense  opacities  are  generally  less  deleterious  to 
vision  than  slighter,  nebulous  conditions  which  extend  over  a 
larger  surface.  One  may,  therefore,  be  less  anxious  about  a 
small,  somewhat  deep  ulcer,  than  about  one  which  is  larger  and 
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superficial.  The  nearer  to  the  corneal  centre  an  ulcer  is  situated 
or  seems  to  be  progressing,  tlie  greater  the  danger  of  future 
visual  trouble. 

When  vascularity  can  be  seen  at  the  edges  or  upon  the  sur- 
face of  an  ulcer,  it  may  be  taken  as  a  sign  of  repair,  and  that 
the  destruction  of  corneal  tissue  is  at  an  end. 

When  an  ulcer  has  extended  as  far  as  the  limbus  conjunc- 
tivEB,  it  seldom  progresses  into  the  sclera. 

After  extensive  suppuration  of  the  cornea,  such  as  some- 
times accompanies  purulent  ophthalmia  and  abscess,  there  often 
remains  some  peripheral  portion  of  the  cornea  which  is  still 
transparent  and  can  be  rendered  useful  by  a  well-chosen 
iridectomy. 

Opacities  of  the  cornea.— These  are  chiefly  due  to  ulceration, 
but  may  result  from  other  causes,  as  local  or  diffuse  keratitis, 
metallic  deposits,  burns,  &c.     When  they  are  the  result  of 
liberation  or  inflammation,  much  improvement  may  be  hoped  for 
by  the  continued  use  of  such  remedies  as  are  prescribed  under 
the  respective  headings  ;  indeed,  no  operative  interference  is 
iustifiable  until  the  opacity  shows  no  further  signs  of  absorption 
In  cases  where  the  opacity  is  slight,  but  the  vision  much 
impaired,  we  generally  find  that  the  regularity  of  the  curva- 
ture of  the  cornea  is  interfered  with,  thus  producing  irregular 

astigmatism.  f  +i  ^ 

When  the  opacity  is  dense,  and  situated  m  front  ot  the 
pupillary  aperture,  but  not  involving  the  whole  extent  of  the 
cornea,  the  vision  may  be  very  much  improved  by  the  formation 
of  an  artificial  pupil.  For  this  purpose  that  part  of  the  cornea 
which  is  clearest  and  most  regular  in  curvature  should  be 
chosen  In  order  to  ascertain  the  position  best  suited  for  this 
operation,  the'  pupil  should  be  dilated 

eye  examined  by  the  oblique  focal  illumination  (p.  93),  and  bj 
the  ophthalmoscope.    With  the  former,  any  nebulous  opacitie 
will  appear  as  a  greyish  haze,  and  any  facets  or  depressions  will 
Te  diilctly  seen  f  with  the  latter,  on  tilting  the  mirror  m  various 
l^t^Lt  20  to  40  cm.  without  a  lens,  the  red  fundus-reflex 
"fared  with  by  the  appearance  of  Patches  o  tl. 

cornea.  The  methods  of  operating  for  artificial  pupil  are  de- 
scribed under  the  head  of  Iridectomy. 
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When  the  opacity  of  the  cornea  is  only  slight  (nebula),  it 
can  still  be  penetrated  by  rays  of  light,  but,  as  these  are  dis- 
torted, and  thus  interfere  with  the  images  formed  by  rays 
passing  through  the  clear  portion  of  the  cornea,  the  optical  effect 
of  an  artificial  pupil  is  unsatisfactory.  In  such  cases,  to  make 
an  artificial  pupil  alone  is  useless,  but  great  improvement  is  often 
obtained  by  rendering  the  nebula  completely  opaque  by  tattoo- 
ing ;  then,  if  the  nebula  is  of  large  size,  an  artificial  pupil  may 
still  further  assist  vision. 

The  probable  effect  of  an  artificial  pupil  may  be  ascertained 
by  dilating  the  pupil  with  atropine ;  if  the  distant  vision  is  im- 
proved by  this  an  artificial  pupil  will  be  still  more  beneficial ;  if, 
on  the  contrary,  the  distant  vision  is  confused,  the  operation 
would  probably  cause  confusion  also. 

When  the  opacity  is  not  central,  the  vision  may  be  but  little 
interfered  with,  but  here  the  appearance  of  the  eye  might  also 
be  improved  by  tattooing  the  leucoma. 

The  operation  for  tattooing  the  cornea. — The  eye  must  be 
ansesthetised  by  the  introduction  of  a  few  drops  of  cocaine  solu- 
tion (6  per  cent.)  for  a  few  minutes  before  operating.  i 
The  eyelids  are  separated  by  a  speculum,  and  the  globe 
held  in  position  by  a  fixation  forceps.    An  assistant 
should  hold  a  small  sponge  firmly  against  the  upper 
and  outer  side  of  the  globe  to  prevent  any  tears  run- 
ning over  the  cornea  during  the  operation.  The 
portion  to  be  tattooed  should  be  well  covered  with 
punctures  or  scratches,  by  using  a  grooved  needle  such 
as  is  shown  in  fig.  42 ;  then  Indian  ink,  in  very  fine 
powder  or  made  into  a  thick  paste,  should  be  tho- 
roughly rubbed  in  with  a  blunt  instrument,  such  as  a 
spud  or  the  back  of  a  cataract  scoop. 

Except  in  the  case  of  large  leucomata,  a  single 
sitting  will  usually  suffice. 

It  is  sometimes  advisable  to  tattoo  also  the  peri-  f2. 
phery  of  the  cornea  opposite  the  artificial  pupil,  so  as  Needl?.^ 
to  prevent  the  entry  of  rays  through  the  part,  which 
otherwise  cause  some  blurring  of  the  retinal  image  from  spherical 
aberration. 

Owing  to  the  impossibility  of  rendering  an  opaque  cornea 
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clear,  and  the  absolute  destruction  of  useful  vision  which  its 
presence  entails,  the  attention  of  ophtlialmic  sui'geons  has 
naturally  turned  in  the  direction  of  inquiring  whether  it  would 
not  be  possible  to  transplant  a  transparent  cornea  in  the  place 
of  the  opaque  one.  So  far  it  must  be  confessed  that  experiments 
on  transplantation  of  the  cornea  liave  not  been  followed  by  much 
success.  The  cornea  of  one  rabbit  has  been  transplanted  on  to 
the  eye  of  another  both  in  France  and  Germany  by  Miinck, 
KoenigshofFer,  Desmarres,  and  others,  but  always  with  the  re- 
sult that,  although  union  might  take  place  between  the  new 
and  the  old  tissues,  yet  the  new  cornea  became  shrunken  and 
opaque.  The  cornea  of  the  rabbit  and  other  animals  has  also 
been  transplanted  to  the  human  eye  by  Pluvier,  Power,  and 
others,  with  similar  results. 
Metallic  and  chalky  deposits. 

When  resulting  from  the  use  of  lead  lotion  in  ulcer,  or 
abrasion  of  the  cornea,  the  carbonate  of  lead  is  seen  as  an  opaque 
milky-white  patch,  situated  just  beneath  the  epithelial  layer. 
This  and  other  deposits  can  be  removed  either  by  scraping  or  by 
excision  en  masse  of  the  superficial  part  of  the  cornea  in  which 
tlie  foreign  substance  is  lodged. 

8cra.ping  is  best  performed  by  means  of  a  small  lupus  scoop. 
The  eyelids  are  separated  by  a  speculum,  and  the  globe  held 
in  a  convenient  position  by  fixation  forceps.  By  gentle  scrap- 
ing, first  the  epithelium  and  then  the  deposit  is  gradually 
removed.    Cocaine  should  be  used  before  the  operation. 

After  the  operation,  a  few  drops  of  olive  oil  and  atropine 
are  applied,  the  lids  closed,  and  a  light  compress  of  wet  lint  is 
put  on. 

Excision  of  the  deposit  is  performed  with  a  Beer's  cataract 
knife.  An  incision  is  made  all  round  the  deposit  into  the 
corneal  tissue,  and  the  whole  superficial  part  of  the  cornea  thus 
marked  out  is  carefully  dissected  up.  The  after-treatment  is 
the  same  as  for  scraping. 

Anterior  synechia,  or  adhesion  of  the  iris  to  the  cornea,  is 
caused  by  perforation  of  the  latter,  either  from  disease  or  injury. 
The  anterior  chamber  being  thus  emptied  of  its  aqueous  humour, 
the  iris  is  pushed  forward  so  as  to  come  into  contact  with  the 
perforation,  inflammatory  exudation  takes  place,  and  the  iris 


ANTERIOS  STAPHYLOMA. 


121 


becomes  adherent,  either  to  the  posterior  surface  or  in  the  depths 
of  the  cicatrix. 

The  symptoms  and  the  consequences  of  anterior  synechia 
vary  in  proportion  to  the  extent  of  the  lesion.  In  slight  cases, 
where  there  is  only  an  adhesion  of  a  portion  of  the  pupillary 
edge  of  the  iris  to  the  posterior  surface  of  the  cornea,  there  may 
be  but  little  inconvenience  ;  the  vision,  however,  is  usually  more 
or  less  defective,  and,  the  movements  of  the  iris  being  limited 
by  the  synechia,  the  patient  is  always  liable  to  attacks  of  iritis, 
pain,  &c. 

When  the  iris  is  entangled  in  the  cicatrix,  it  shows  itself  as 
a  black  patch  in  the  cornea.  The  \'ision  here  is  always  extremely 
deficient,  and  although  sometimes  there  is  no  great  incon- 
venience except  that  of  the  loss  of  vision,  yet  these  cases  are 
liable  to  attacks  of  severe  pain  in  and  around  the  eye,  to  recur- 
rent iritis,  and  even  to  panophthalmitis. 

When  the  iris  pi'otrudes  through  a  perforation,  and  becomes 
adherent  in  that  position,  there  is  frequently  at  first  a  leakage 
of  the  aqueous  humour  from  the  exposed  surface  ;  as  contraction 
of  the  cicatrix  goes  on,  however,  this  leakage  lessens,  and  the 
surface  of  the  iris  becomes  finally  covered  with  a  layer  of  lymph. 
The  organisation  of  this  lymph  so  stops  the  filtration  as  to  in- 
crease the  intra-ocular  tension.    See  Secondary  Glaucoma. 

Anterior  staphyloma  (fig.  43)  signifies  a  bulging  forwards  of 
the  whole  or  part  of  the  cornea  beyond  its  normal  curvature. 
Of  this  there  are  two  distinct  classes — viz.  the  opaque  and  the 
transparent  or  conical  cornea. 

Opaque  anterior  staphyloma  is  almost  invariably  the  result  of 
perforation  of  the  cornea,  either  from  ulceration  or  from  injury. 
As  soon  as  perforation  takes  place,  there  is  immediate  escape  of 
the  aqueous  humour,  and,  as  we  have  just  seen,  the  iris  comes 
forwards  in  contact  with  the  opening,  and  may  protrude  through 
it ;  inflammation  then  takes  place  from  exposure,  and  the  parts 
become  matted  together  by  exudation,  so  as  to  fill  up  the  orifice. 
The  cicatrix,  however,  being  weaker,  is  unable  to  resist  intra- 
ocular tension,  which  is  now  re-established  by  the  closure  of  the 
perforation,  and  bulges  forwards.  The  extent  of  this  deformity 
presents  every  degree  of  variation,  from  a  small  bladder-like 
protrusion  to  that  of  the  whole  corneal  surface  ;  the  extent  of 
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the  projection  is  sometimes  so  great  as  to  prevent  complete 
closvire  of  the  lids.  The  structure  of  the  cornea  becomes  much 
altered,  the  epithelial  layer  is  thickened,  the  substantia  propria 
is  thin,  opaque,  and  of  a  grey  or  yellowish  colour ;  the  iris  also 
is  much  altered,  and  often  becomes  atrophied.  Vision  is  im- 
paired in  proportion  to  the  extent  and  position  of  the  corneal 
surface  affected.  This  condition  of  bulging  of  the  cornea,  and 
consequent  dragging  upon  the  adherent  iris,  is  liable  to  set  up 

serious  trouble,  not  only  of 
these  structures,  but  also  of  the 
neighbouring  structures  in  the 
ciliary  region,  which  may  lead 
to  complete  disorganisation  of 


Thinning  of  cor- 
neal tissue. 


the  globe. 


(Protrusion  of  tlie 
J  posterior  elastic 
\  lamina. 


Treatment. — Directions  have 
already  been  given  under  the 
head  of  Ulcers  of  the  Cornea 
for  the  prevention  of  staphy- 
loma. When  once  fully  formed, 
it  is  far  from  amenable  to  treat- 
ment. 

In  small,  partial,  and  recent 
cases  the  compress  should  be 
continued,  and  the  intra-ocular 
tension  diminished  by  paracen- 
tesis of  the  anterior  chamber; 
by  repeating  this  every  second 
or  third  day  for  a  few  times, 
the  cicatrix  often  gains  strength 
and  becomes  stationary.    Should  the  tension  not  be  sufficiently 
diminished  by  this  means,  or  should  it  become  increased  above 
the  normal,  more  benefit  would  be  derived  by  excising  a  portion 
of  the  iris  (see  Iridectomy).    A  good  large  iridectomy  should 
be  performed  opposite  the  clearest  portion  of  the  cornea  ihis 
would  permanently  relieve  the  tension,  and  an  artificial  pupil 
would  be  at  the  same  time  established. 

When  the  staphyloma  is  small  and  circumscribed,  some 
portion  of  the  cornea  remaining  sufficiently  clear  for  useful 
vision  the  projection  may  with  advantage  be  excised  and  an 


Fig.  43.— Staphyloma  of  Cornea. 
(After  Stellwag  von  Carion.) 
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artificial  pupil  at  the  same  time  made  by  a  small  iridectomy 
behind  the  clear  cornea.  The  excision  may  be  performed  either 
by  seizing  the  projection  with  forceps  and  cutting  it  off  with 
curved  scissors,  or  by  using  the  corneal  trephine  as  for  conical 
cornea.  This  mode  of  procedure  often  results  in  a  sufficiently 
firm  cicatrix. 

When  the  whole  cornea  has  become  involved,  the  eye  often 
becomes  the  seat  of  severe  pain,  and  the  increased  dragging  of 
the  iris  upon  the  ciliary  region  causes  its  disorganisation ;  the 
lens  becomes  opaque  and  perhaps  dislocated.  The  staphyloma 
may  become  so  large  as  to  be  unsightly,  and  to  prevent  proper 
closure  of  the  eyelids.  When  such  is  the  case,  it  becomes  neces- 
sary to  remove  the  protruding  portion,  not  only  on  account  of 
its  unsightliness,  but  because,  by  constant  exposure  and  irritation 
from  the  partly  closed  eyelids,  it  would  undergo  ulceration  and 
sloughing,  with  escape  of  the  contents  of  the  globe.  It  may  be 
removed  (1)  by  abscission,  (2)  by  abscission  with  evisceration, 
(3)  by  abscission  with  evisceration  and  the  introduction  of  a 
glass  or  metal  globe,  or  (4)  by  enucleation. 

Abscission  consists  in  removing  the  anterior  part  of  the 
globe  by  incision  of  the  sclera  at  a  distance  of  2  or  3  mm. 
fi'om  the  corneal  margin.  The  globe  is  fixed  by  forceps  in  the 
usual  way,  and  a  Beer's  knife  is  used  to  incise  the  upper  half 
of  the  sclera  and  ciliary  body ;  the  lower  half  is  then  excised 
with  scissors.  The  iris  and  part  of  the  ciliary  body,  the  lens, 
and  such  of  the  vitreous  body  as  may  be  presenting,  are  also 
removed.  In  former  days  the  eye  was  left  in  this  condition 
until  the  extensive  opening  became  filled  with  granulations  and 
finally  healed  up.  In  order  to  accelerate  the  healing  of  the 
wound  and  to  improve  the  shape  of  the  stump,  the  use  of 
sutures  were  introduced  by  De  Wecker  and  G.  Critchett. 
Owing  to  the  liability  of  sympathetic  irritation  and  inflamma- 
tion, supervening  after  this  operation,  it  has  recently  been 
abandoned  and  succeeded  by  the  following. 

Evisceration  (exenteration)  was  proposed  by  Alfred  Graefe 
in  1884  with  the  view  of  preventing  death  from  menin- 
gitis in  cases  where  suppuration  and  panophthalmitis  were 
present  at  the  time  of  the  enucleation  of  an  eye.  It  consists 
in  first  removing  the  cornea  by  means  of  an  incision  at  the 
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sclero-comeal  junction,  the  upper  incision  being  made  with  a 
linear  cataract  knife  and  the  lower  completed  with  scissors; 
then  the  whole  contents  of  the  remaining  cavity  of  the  sclera 
are  removed  by  means  of  a  steel  scoop.    Great  care  must  be 
exercised  to  thoroughly  remove  all  traces  of  the  choroid,  which 
can  be  peeled  off  from  before  backwards  as  far  as  the  optic  disc 
before  much  scraping  is  required.     Dry  lint  will  be  found 
useful  in  stopping  haemorrhage  and  clearing  away  remaining 
fragments  of  choroid,  which  are  seen  as  brown  or  black  patches. 
It  is  often  very  difficult  to  illuminate  the  interior  of  the  globe 
when  eviscerating  it  in  this  manner,  both  owing  to  its  shape  and 
the  necessary  oozing  of  blood  from  the  retinal  and  short  ciliary 
arteries.    I  find  a  small  electric  lamp  such  as  that  used  with  my 
ophthalmoscope  (see  Refraction)  very  useful  in  overcoming  this 
difficulty.    Strict  antiseptic  rules  should  be  followed,  and  the 
parts  well  irrigated  with  solution  of  corrosive  sublimate  1  in 
5,000,  before  and  after  closing  the  wound.   Finally,  the  margins 
of  the  wound  are  drawn  together  by  a  few  sutures. 

Mules'  operation. — A  modification  of  the  above  operation  was 
about  the  same  time  introduced  by  Mr.  Mules,  with  the 
object  of  providing  a  still  better  stump  upon  which  an  artificial 
eye  could  move  more  freely  and  appear  less  sunken  in  the  orbit. 
The  operation  consists  in  the  removal  of  the  cornea  and  the 
contents  of  the  sclera,  and  of  introducing  an  '  artificial  vitreous ' 
into  the  scleral  cavity  in  the  form  of  a  hollow  glass  ball.    It  is 
performed  as  follows :  The  conjunctiva  is  first  dissected  from 
the  scleral  edge  as  far  as  the  equator  of  the  globe.    The  cornea 
is  then  removed  at  the  sclero-corneal  junction  as  in  simple 
evisceration.    Next,  the  choroid  is  separated  from  the  sclera 
by  a  special  steel  scoop  and  scraped  away  from  the  optic  disc. 
Then  a  glass  ball  is  selected  which  is  slightly  smaller  than  the 
cavity  it  is  destined  to  occupy,  and,  all  hsemorrhage  being 
stopped  and  the  cavity  carefully  washed  out  with  antiseptic 
solution,  is  enclosed  in  the  sclera,  which  is  united  veriically  by 
silk  or  catgut  sutures.    After  carefully  washing  once  more,  the 
conjunctival  edges  are  brought  -together  by  sutures  placed 
horizontcdly.    Finally,  iodoform  powder  is  dusted  over  the  sur- 
face of  the  conjunctival  wound,  the  eyelids  closed,  and  a  firm 
antiseptic  bandage  applied.    Strict  antiseptic  rules  must  be 
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observed  throughout  the  operation  and  afterwards.  Mr.  Mules 
provides  for  drainage  of  the  orbit  by  introducing  a  gold  wire  to 
the  back  of  the  globe  from  the  outer  canthus ;  this  is  left  m 
diu  for  at  least  three  days.  He  also  endeavours  to  diminish 
inflammatory  reaction  by  placing  an  icebag  over  the  dressing. 
There  is  generally,  in  my  experience,  a  considerable  amount  of 
pain,  chemosis,  and  swelling  of  the  eyelids  immediately  after 
the  operation ;  this  may  subside  in  the  course  of  six  or  eight 
days.  In  some  cases  suppuration  sets  in,  especially  where  the 
selected  glass  globe  is  too  large ;  in  such  a  case  there  may  be 
no  union  of  the  scleral  wound  at  all,  or  it  may  open  ujd  after- 
wards and  give  exit  to  the  glass  ball,  so  that  the  condition  of 
the  eye  is  similar  to  that  following  simple  evisceration. 

When  all  goes  well  with  the  operation,  the  cosmetic  result 
is  all  that  could  be  desired,  and  the  artificial  eye  moves  freely  ■ 
in  almost  every  position  of  regard.  The  danger  of  broken 
fragments  of  glass  resulting  from  any  severe  blow  upon  the 
eye  seems  to  me  very  great,  although  no  cases  of  the  kind  have 
hitherto  been  recorded. 

Enucleation  of  the  eye.—OjJeration. — The  patient  to  be  fully 
antesthetised.  The  operator  to  stand  behind  the  patient's  head. 
The  instruments  required  are  speculum,  fixation  forceps,  curved 
scissors,  and  strabismus  hook  (figs.  44  to  47).  The  eyelids  to 
be  widely  separated  by  the  speculum,  and  the  globe  held  steady 
seizing  the  conjunctiva  with  the  forceps  near  the  margin  of 
the  cornea. 

The  conjunctiva  is  then  divided  all  round,  and  close  to,  the 
cornea,  leaving  only  sufficient  for  the  forceps  to  hold  on' by; 
the  capsule  of  Tenon  is  at  the  same  time  opened  by  carrying 
the  deeper  blade  of  the  scissors  well  beneath  the  conjunctiva 
close  to  the  sclerotic. 

The  strabismus  hook  is  now  passed  into  Tenon's  capsule  and 
successively  glided  beneath  the  tendon  of  each  muscle,  which 
IS  divided  with  the  scissors  between  the  hook  and  the  globe. 
The  speculum  is  now  allowed  to  open  more  widely  by  loosen- 
ing the  screw,  and  is  pressed  slightly  backwards ;  the  globe 
then  starts  forwards,  and  protrudes  through  the  palpebral  aper- 
ture. The  scissors  are  now  introduced  either  at  the  inner  or 
outer  canthus,  having  their  concavity  towards  the  globe.  As 
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tliey  reach  the  back  of  tlie  eye  the  blades  are  opened,  and  they 
are  pushed  in  till  they  are  felt  to  grip  the  optic  nerve,  which  is 
then  divided.  One  or  two  more  snips  are  now  required  to  sever 
any  remaining  tissues,  and  the  globe  is  removed.  One  now 
observes  a  smooth  cavity,  corresponding  to  the  position  of  the 


Fig.  44. 
Speculum. 


Fir.  4.5. 
Fixation  Forceps. 


Fig.  46. 
Squint  Hook. 


Fig.  47. 
Curved  Scissors. 


eye  which  is  lined  by  the  capsule  of  Tenon  and  is  bounded  m 
front  by  the  detached  ocular  conjunctiva.  The  speculum  is 
then  taken  out.  Haamorrhage  is  easUy  stopped  by  firm^pressure 
with  pledgets  of  cotton-wool  which  l^ave  been  previously 
saturated  with  cold  solutioii  of  corrosive  sublimate  1  in  o,000 
and  wrung  out;  the  same  solution  can  be  used  to  thorough^- 


ENUCLEATION  OF  THE  EYE. 


127 


cleanse  the  wound.  Tliis  done,  a  tight  compress  of  two  or  three 
layers  of  Gamgee  tissue  is  applied.  This  should  be  retained  for 
at  least  six  hours,  when  a  fresh  dressing  may  be  substituted  and 
the  bandage  replaced  less  tightly. 

In  excising  an  eye,  care  must  be  taken  not  to  puncture  the 
globe,  as  the  flaccidity  caused  by  the  consequent  escape  of 
vitreous  renders  the  completion  of  the  operation  more  difficult 
than  when  the  globe  is  intact.  The  presence  of  old  or  recent 
inflammatory  adhesions  often  renders  excision  difficult.  In  this 
case,  if  it  is  found  that  the  hook  cannot  be  passed  under  the 
tendons,  the  adherent  tissues  must  be  carefully  dissected  away 
from  the  globe  with  the  scissors  alone.  When  an  eye  is  exces- 
sively large  and  elongated,  as  happens  in  some  cases  of  buph- 
thalmos  and  myopia,  it  is  very  difficult  to  divide  the  optic  nerve 
without  cutting  the  sclerotic  at  the  posterior  pole  of  the  eye. 
Should  this  accident  occur,  and  the  back  of  the  globe  be  left  in 
the  orbit,  it  should  be  removed  at  once. 

Some  surgeons  prefer  to  bring  the  edges  of  the  conjunctiva 
together  by  fine  silk  sutures  after  excision. 

Arlt's  method  of  enucleation  is  quicker  than  the  foregoing, 
and  is  preferred  by  some  surgeons.  It  is  performed  as  follows : 
First,  an  incision  is  made  through  the  conjunctiva  over  the  in- 
sertion of  the  internal  rectus  ;  the  tendon  is  exposed  and  divided 
near  its  insertion.  The  small  portion  left  upon  the  sclera  is 
then  seized  with  the  fixation  forceps,  and  thus  used  to  rotate 
the  globe  in  any  required  direction  until  the  completion  of  the 
operation.  From  the  conjunctival  wound  thus  made  the  con- 
junctiva and  capsule  of  Tenon  are  divided  with  the  scissors,  first 
below  and  then  above  the  corneal  edge.  Next,  the  inferior 
rectus  is  divided  by  passing  one  blade  of  the  squint  scissors 
beneath  its  tendon  and  the  other  blade  above  it,  and  cutting  as 
close  to  the  sclera  as  possible.  Then  the  superior  rectus  is 
divided  in  a  similar  manner.  This  being  done,  the  closed  scis- 
sors are  passed  from  the  inner  canthus  behind  the  globe  until 
the  optic  nerve  can  be  felt ;  the  globe  is  at  the  same  time  drawn 
forward  by  the  forceps  attached  to  the  internal  rectus,  so  that 
the  optic  nerve  is  somewhat  tense.  When  the  optic  nerve  is 
thus  felt  the  scissors  are  opened  and  the  nerve  divided  as  close 
to  the  globe  as  possible.    After  the  division  of  the  nerve,  the 
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globe  will  be  more  freely  movable  in  every  direction ;  the  ob- 
liqui  and  external  rectus  must  now  be  divided  close  to  tlie  sclera, 
and  the  operation  is  complete.    No  squint  hook  is  used. 

When  the  operation  of  enucleation  has  been  aseptically  per- 
formed, the  union  of  the  wound  usually  takes  place  by  first 
intention.  The  cavity  formed  by  the  removal  of  the  eye  is 
enclosed  posteriorly  by  Tenon's  capsule  and  is  bounded  in  front 
by  the  ocular  conjunctiva,  which  has  been  dissected  from  the 
globe.  In  the  posterior  part  of  the  stump  thus  formed  is 
situated  the  optic  nerve;  with  its  sides  the  tendons  of  the  ocular 
muscles  become  united,  and  its  anterior  part  becomes  closed  in 
by  the  conjunctiva. 

When  suppuration  follows  the  operation,  it  must  be  concluded 
that  there  has  been  infection  of  the  wound  either  from  the  pal- 
pebral sac  or  fi'om  some  other  source. 

A  few  cases  have  been  recorded  in  which  enucleation,  per- 
formed whilst  the  eye  was  in  a  condition  of  suppurative  pan- 
ophthalmitis, has  been  attended  with  a  fatal  result  owing  to  the 
supervention  of  suppurative  meningitis.  It  is  therefore  a  rule 
with  some  surgeons  not  to  enucleate  a  suppurating  eye,  but 
either  to  wait  until  the  process  has  subsided  or  to  perform 
abscission  with  evisceration. 

In  my  own  practice,  I  should  not  hesitate  to  enucleate  a 
suppurating  eye  provided  that  strict  antiseptic  precautions  were 
observed  and  the  after-dressings  were  loosely  applied,  so  that  free 
exit  of  infecting  organisms  could  be  obtained. 

Indications  for  abscission  or  enucleation.— It  may  be  well 
here  to  consider  under  what  conditions  it  may  be  desirable  to 

abscise  or  to  enucleate  an  eye  :  ^^^  ^    r  ^ 

1  The  question  of  removing  a  wounded  eye  will  be  touncl 
discussed  under  the  head  of  Sympathetic  Ophthalmitis. 

2  When  malignant  growths  exist  upon  or  withm  an  eye, 
and  cannot  be  effectually  removed  by  operation  without  remova 
of  the  whole  globe,  enucleation  should  be  performed  without 
delay  Tumours  occupying  the  posterior  part  of  the  eye,  such 
as  aioma  of  the  optic  nerve  or  retina,  or  sarcoma  of  the  choroid, 
are  very  apt  to  travel  along  the  optic  nerve.  In  removmg  eyes 
thus  affected,  as  much  as  possible  of  the  optic  nerve  should, 
therefore,  be  removed. 
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3.  When  an  eye  is  deprived  of  sight  owing  to  ivido-cyclitis, 
or  phthisis  bulbi,  and  appears  to  have  caused  or  to  be  causing 
sympathetic  trouble  in  the  other  eye,  it  should  be  removed.  The 
same  operation  is  indicated  when  such  an  eye  is  in  severe  or 
prolonged  pain  and  will  not  yield  to  other  treatment. 

When  a  blind  glaucomatous  eye  is  causing  great  pain  or  is 
intlamed,  it  is  better  to  excise  it  or  to  abscise  and  eviscerate  it 
than  to  perform  iridectomy.  The  latter  operation  might  cause 
•sympathetic  inflammation. 

4.  Severe  corneal  or  ciliary  staphyloma  has  already  been  re- 
ferred to  (p.  121)  as  necessitating  one  of  these  operations. 

5.  Htemorrhage  from  the  fundus  ocali,  whether  owing  to  an 
operation  or  to  accidental  wound  of  the  globe,  which  cannot  be 
stopped,  must  also  be  treated  by  enucleation  or  abscission  with 
-evisceration. 

Artificial  eyes  are  made  of  glass,  and  are  kept  in  great  variety 
as  to  size  and  colour  by  the  best  opticians.  When  the  cicatrix 
of  the  conjunctiva  and  other  tissues  of  the  orbit  is  firm,  quiet, 
and  free  from  ulceration  or  discharge,  it  is  ready  to  receive  the 
artificial  eye ;  this  condition  is  usually  established  in  from  four 
to  eight  weeks.  The  eye  should  not  be  worn  continuously. 
For  the  first  few  weeks  it  may  be  worn  a  few  hours  daily ;  after 
that,  if  no  irritation  is  experienced,  it  can  be  worn  all  day,  but 
never  during  the  night.  The  artificial  eyes  in  ordinary  use 
require  to  be  renewed  about  every  twelve  months,  as  they  are 
apt  to  become  rough,  and  therefore  ii-ritating  to  the  conjunc- 
tiva. 

Celluloid  is  now  frequently  used  as  a  substitute  for  glass  in 
the  manufacture  of  artificial  eyes.  The  eyes  made  of  this  sub- 
stance are  unbreakable,  and  are  lighter  than  the  glass  eyes. 
The  edges  can  be  cut  with  an  ordinary  penknife  to  adapt  the 
eye  to  any  peculiarity  of  the  stump.  In  appearance  they 
exactly  resemble  those  made  of  glass,  and  they  are  said  to  be 
more  durable. 

The  insertion  of  an  artificial  eye  is  very  easy,  and  is  soon 
learned  by  the  patient.  It  must  first  be  steadily  pushed  beneath 
the  upper  lid,  and  held  there  whilst  the  lower  lid  is  brought 
round  its  lower  edge. 

Its  removal  is  still  more  simple.    The  lower  lid  is  depressed 
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so  as  to  expose  the  lower  edge  of  the  eye,  and  beneath  this  a 
probe  is  placed,  by  which  the  eye  is  brought  forward.  It  then 
slips  out  by  its  own  weight,  and  should  be  caught  in  a  hand- 
kerchief held  for  its  reception. 

Conical  cornea  (keratoconus,  transparent  anterior  staphy- 
loma) consists  in  a  bulging  forwards  of  the  central  part  of  the- 
cornea  beyond  its  normal  curvature,  so  that  it  assumes  the  form 
of  an  obtuse  transparent  cone. 

The  conicity  may  usually  be  seen  with  the  naked  eye  by 
looking  at  the  cornea  from  the  side,  but  unless  a  careful  ex- 
amination is  made  as  to  the  state  of  refraction  of  the  eye,  the 
early  stage  of  this  disease  may  be  mistaken  for  ordinary  myopia 
or  reo-ular  myopic  astigmatism.    By  the  ophthalmometer  of 
Javarand  Schiotz  (see  Refraction),  the  reflected  images  are  of 
various  sizes  and  cannot  be  brought  into  parallel  Imes ;  this 
shows  an  irregular  astigmatism  of  the  cornea. 

Bii  retinosoopy  we  find  the  shadow  to  be  quite  different  m 
appearance  and  movement  from  those  of  myopia  and  hyper- 
metropia  There  is  a  bright  central  reflex  surrounded  by  a 
crescentic  shadow  which  moves  round  the  centre,  but  never 
crosses  it  as  the  mirror  is  rotated.  -,    i  .       r  i  x  • 

If  the  ophthalmoscope  be  so  manipulated  that  the  ligHt  is 
thrown  round  the  cornea  instead  of  across  it,  this  appearance 
is  very  characteristic ;  it  may  be  likened  to  a  slowly  movmg 

catherine-wheel.  . 

B,i  the  ophthalmoscope  the  vessels  of  the  optic  disc  and  the 
optic  disc  itself  appear  to  be  distorted,  and  to  alter  m  shape 
and  size  with  each  movement  of  the  observer  s  head,  just  as 
occurs  in  looking  at  an  object  through  a  pane  of  bad  glass.  The 
first  symptom  of  the  disease  is  that  of  dimmish ed  vision  first 
t  dSt  and  then  for  near  and  small  objects.  _  The  disease 
usually  comes  on  gradually,  and  without  pain  or  inflammation. 
Is  it  progresses,  the  cornea  becomes  perceptibly  conical  m  ap- 
AS  11;  pi  Us         '    ,  .   ri«fpr.f,  VP,  that  the  Datient 


^el^ire  a^Tto  vision  sc^eti^es  so  defective  that  the  patient 
LTon  y  read  large  type  (Snellen,  6,  9,  or  12).  Often  how 
L  with  very  great  conicity,  the  near  vision  remains  fairly 
Tof  tatlhe  oS  has  to  be  brought  extremely  close  to  the 
good,  ^-^^^2  differ  from  simple  myopia,  however,  in  the  fact 
It  no  tns   "proves  the  distant  vision.    In  advanced  cases. 
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the  top  of  the  cone  sometimes  becomes  opaque,  but  there  is 
seldom  perforation  of  the  cornea,  unless  the  case  is  complicated 
by  injury. 

The  disease  generally  comes  on  at  the  age  of  fifteen  to 
twenty  years,  sometimes  later ;  it  usually  undergoes  a  steady 
progress  for  two  or  three  years,  and  then  remains  stationary. 
It  appears  to  be  more  common  in  young  women  than  in  men, 
and  to  occur  more  frequently  in  England  than  in  other  parts  of 
the  world. 

The  pathology  of  conical  cornea  is  still  obscure.  The  cornea, 
especially  at  its  central  part,  is  always  thinned ;  it  may  be  that 
this  thinning  of  the  corneal  tissue  is  the  essential  feature  of  the 
affection,  causing  the  weakened  cornea  to  yield  to  the  normal 
intra-ocular  tension.  On  the  other  hand,  it  is  possible,  as  was 
supposed  by  Von  Graefe,  that  the  affection  commences  with  in- 
creased intra-ocular  tension,  and  that  the  thinning  and  bulging 
of  the  cornea  are  secondary  to  this.  Against  this  theory,  how- 
ever, is  the  fact  that  no  history  of  the  symptoms  which  generally 
accompany  increased  tension  can  usually  be  obtained,  and  that 
the  rare  cases  of  glaucoma  in  subjects  of  this  age  do  not  follow 
this  course. 

Mr.  Tweedy  propounds  a  very  feasible  hypothesis.  He  is  of 
opinion  that,  during  the  development  of  the  eye,  the  meso- 
blastic  material  which,  surrounding  the  optic  cup,  forms  the 
fibro-vascular  supports  of  the  globe,  meets  last  at  the  anterior 
central  region — i.e.  the  centre  of  the  cornea  is  the  last  part  to  be 
completed  in  the  development  of  the  outer  tunics  of  the  eye- 
ball ;  and  any  arrest  of  development  would  materially  weaken 
the  corneal  centre.  He  explains  the  reason  for  the  non-appear- 
ance of  the  cone  before  the  age  of  fifteen  or  later  to  the  fact  that 
the  globe  has  not  completely  finished  growth,  and  that  the  tunics 
all  yield  equally  until  the  finish,  when  the  natural  intra-ocular 
tension  causes  the  weakest  spot,  the  centre  of  the  cornea,  to 
bulge. 

Treatment.— T:}xq  treatment  of  this  very  serious  afiection  has 
received  much  attention  during  the  last  half-century.  Bowman, 
Cntchett,  Graefe,  Bonders,  Wecker,  and  many  others,  have 
spared  no  pains  in  their  endeavours  to  prevent  its  progress  and 
to  remedy  its  bad  results. 

K  2 


132  DISEASES  OF  THE  CORNEA. 

Bonders  found  that  near  vision  could  be  improved  by  placing 
a  stenopaic  disc  in  front  of  the  affected  eye ;  but  the  smallness 
of  the  circle  which  he  found  it  necessary  to  use  for  this  purpose 
was  too  limited  to  be  useful  for  distant  vision,  the  visual  field 
being  so  contracted  that  the  patient  could  only  see  objects 
which  are  situated  immediately  in  front  of  the  eye.  These 
stenopaic  spectacles  are  therefore  only  useful  for  near  work, 
such  as  reading,  needlework,  and  the  like.    They  are  of  but 
little  use  during  the  progressive  stage  of  the  disease,  as,  owmg 
to  the  increasing  myopia,  they  would  require  to  be  changed  too 
frequently  before  the  eye  had  reached  a  stationary  condition. 
In  exceptional  cases,  a  strong  concave  cylindrical  glass  (5  D  to 
1 5  D)  without  the  stenopaic  circle  or  slit  is  beneficial. 

The  advantage  obtained  by  the  stenopaic  slit  induced  Mr. 
Bowman  to  try  to  diminish  the  aperture  of  the  pupil  by  lateral 
deviation  and  elongation.    This  he  succeeded  in  doing  by  the 
operation  of  iridodesis,  and  the  method  was  attended  with  con- 
siderable improvements  as  to  vision,  and  was  at  one  time  much 
practised.    The  delicacy  of  the  operation,  however,  reqmres 
great  skill  in  its  performance,  and  the  act  of  incarcerating  the 
iris  in  a  corneal  cicatrix  is  one  which  is  rather  to  be  avoided, 
owing  to  the  troubles  which  may  be  thereby  set  up,  not  only  m 
the  wounded  eye,  but  in  that  of  the  opposite  side.    See  bym- 
Tiathetic  Ophthalmitis. 

Graefe  first  suggested  imitating  the  contraction  o  tissue, 
which  occurs  in  the  healing  of  perforating  ulcers,  by  the  px-o- 
duction  of  an  ulcer  artificially.    To  effect  this  he  removed  the 
apex  of  the  cone;  the  part  excised  was  about  2  mm  or  3  mm^ 
in  diaieter,  and  involved  about  two-thirds  of  the  thickness  of 

cu  vatTre  of  the  cornea  became  reduced  and  the  vision  con- 

aemo™  ^^^^^^        p^rf„raUo  is 

easy  to  peifoim     i  ^pp,,^ 

most        y  to  be  "         consecutive  days  is,  again, 
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oj^acity  of  the  central  parts  of  the  cornea,  and  is  pretty  sure  to 
necessitate  the  formation  of  an  artificial  pupil. 

Bowman,  acting  on  the  same  pi-inciple  as  that  of  Von  Graefe, 
determined  to  remove  a  circular  piece  from  the  apex  of  the 
cone  by  means  of  a  small  ti'ephine,  involving  the  whole  thickness 
of  the  cornea.  He  did  not  apply  caustic  to  the  wound,  but 
allowed  it  to  cicatrise. 

After  the  cicatrix  has  formed,  an  artificial  pupil  is  made 
opposite  that  part  of  the  cornea  which  is  thought  to  be  most 
desirable. 

Abadie  states  that  he  has  been  successful  in  combining  the 
operation  of  iridotomy  with  that  of  trephining.  He  first  excises 
the  circular  piece  of  coniea  as  recommended  by  Bowman,  and 
then  introduces  the  blades  of  the  iridotomy  scissors  through 
the  opening  thus  made,  and  divides  the  iris  vertically  down- 
wards. ^  This  method  of  Bowman,  with  or  without  modifica- 
tions as  to  the  shape  of  the  trephine,  has  been  extensively 
practised,  and  is  often  attended  with  excellent  results  in  the 
improvement  of  vision. 

During  the  after-treatment  the  eyelids  should  be  kept  con- 
stantly closed  for  a  week;  and  as  it  is  desirable  to  obtain 
dilatation  of  the  pupil  as  soon  as  possible,  atropine  ointment 
(P.  35)  should  be  applied  to  the  outside  of  the  closed  lids. 

Excision  of  an  oval  piece  of  the  cornea  is  an  operative  pro- 
cedure which  is  sometimes  adopted.  Similar  in  principle  to 
the  preceding,  it  is  followed  by  equally  good  results,  and  takes 
less  time  in  healing. 

Opercdion.—^  Graefe's  linear  knife  is  made  to  transfix  the 
apex  of  the  cone,  so  that  the  point  just  passes  through  the  fore 
part  of  the  anterior  chamber  ;  the  distance  between  the  punc- 
ture and  the  counter-puncture  should  not  exceed  4  mm.  Having 
transfixed  in  this  way,  the  knife  must  be  made  to  cut  its  way 
out  m  a  direction  upwards  and  forwards,  the  eye  being  held 
steady  with  the  fixation  forceps.  The  lower  flap  of  the  wound 
is  now  seized  with  forceps,  and  an  oval  portion  is  cut  from  it 
with  scissors;  the  widest  part  of  this  portion  should  not  exceed 
i  mm  Tlie  eyelids  are  then  closed,  and  the  case  is  afterwards 
treated  as  for  trephining.  I  have  seen  very  good  results  from 
'  Maladies  des  Yevx,  par  Ch.  Abadie.    Paris,  1876. 
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this  method  of  operating  both  in  my  own  practice  and  in  that  of 
my  colleagues  Mr.  Cowell  and  Mr.  Anderson  Critchett.  The 
bane  of  the  operation  is  its  tendency  to  the  formation  of  anterior 
synechia).  The  scar  opacity  is  great  at  first,  but  clears  \\\^  con- 
siderably in  the  course  of  three  or  four  months.  An  artificial 
pupil  is  usually  necessary  either  before  or  after  the  removal  of 
the  flap  from  the  cornea. 

The  galvano-cautery  is  also  employed  by  some  surgeons  to 
destroy  the  apex  of  the  cone,  with  the  hope  of  subsequent 

cicatricial  contraction.    Mr.  Anderson  Critchett '  speaks  very 

favourably  of  his  results  by  this  method. 

Whatever  method  is  adopted  no  great  improvement  of  vision 

can  be  expected.  . 

In  the  early  stages  of  conical  cornea,  before  operation  has 
been  decided  upon,  or  when  the  patient  will  not  submit  to 
operation,  the  general  health  should  be  supported  by  tonic 
rLimen.  The  application  of  a  compress  of  hat  to  the  closed 
ej  elids  daily,  taking  each  eye  on  alternate  days,  has  also  been 
advised.  The  use  of  ^  or  1  per  cent,  solution  of  eserine  dropped 
into  the  eves  three  times  daily,  with  the  hope  of  dimimshmg 
intra-ocular  tension,  may  also  be  tried.  Paracentesis  of  the 
anterior  chamber  at  intervals  may  also  be  of  benefit. 

Burns,  wounds,  and  other  injuries  of  the  cornea  are  ot  ire- 

ciuent  occurrence.  .       i  " 

Barns  and  scalds  are  produced  by  quicklime,  mineral  acids, 
raustics  boilinR  water,  strong  ammonia,  fusing  metals,  gun- 
rwder   cu  linl-tongs  and  the  like.    The  ».tion  of  quicklime 
Tpon  ttle  c  r„e?  is  vfry  destructive,  more  so  than  the  appearance 
of  the  cornea  immediately  after  the  accident  would  lead  us  to 
imagin      The  s„n-o„nding  limbus  conjuncti™  is  swollen  and 
iXish-white  from  solid  oedema,  the  ocular  conjunctiva  s 
btached  and  spotted  here  and  there  with  petechial  temor- 
rWe      When  only  the  superficial  portion  of  the  corneal  tissue 
T,  dv  the  deeper  parts  remaining  transparent,  we  may  hope 
lf:^^^:ZJol.i^on,  but  when  there  is  a  diffusedand 
lor  tauiuo  I  T^rnp-nosis  is  very  unfavourable. 

Both  Le  eyelids  should  be 
evertltra  thoroughly  cleansed  with  tepid  water  and  cotton- 

'  Trans.  Opldli.  Soc.  vol.  xii. 
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wool ;  all  particles  of  lime  Iiaving  been  removed  from  tlie  con- 
junctival sac,  a  drojD  of  i  per  cent,  solution  of  atropine  should 
be  placed  in  the  eye,  and  a  slight  compress  applied.  Should 
the  conjunctiva  and  neighbouring  parts  become  much  inflamed, 
soothing  lotions  and  atropine  and  cocaine  dro^DS  must  be  em- 
ployed. The  eyelids  must  be  opened  daily,  and  precautions 
taken  to  prevent  adhesions  between  the  globe  and  the  lids. 
See  Symblepharon. 

Wounds  of  the  cornea  are  of  frequent  occurrence.  They  may 
tbe  superficial  or  penetrating. 

Superficial  wounds  may  consist  of  a  simple  abrasion,  or  a 
■scratch,  with  or  without  contusion.  These  injuries  usually  heal 
without  trouble;  they  simply  require  that  the  eye  should  be 
■thoroughly  cleansed,  and  that  a  few  drops  of  ^  per  cent,  solution 
of  atropine  and  a  light  compress  should  be  applied.  If  there  is 
any  doubt  as  to  abrasion  of  the  cornea,  a  drop  of  solution  of 
fluorescin  (F.  29)  will  at  once  decide  the  question  by  rendering  the 
^ibraded  surface  green  and  opaque.  A  nebula  or  leucoma  may 
remain  at  the  seat  of  injury,  and  the  patient  should  be  prepared 
for  this  defect,  which  may  interfere  with  the  vision  of  that  eye. 
When  there  is  any  persisting  purulent  affection  of  the  injured 
■eye,  such  as  dacryo-cystitis,  or  granular  conjunctivitis,  the 
cornea  is  less  able  to  recover  from  the  traumatism.  The  wound 
may  become  inflamed,  and  suppuration  with  hypopyon  super- 
vene. 

Penetrating  wounds  of  the  cornea  are  of  great  importance, 
•on  account  of  the  grave  complications  which  sometimes  attend 
them.  In  all  cases  there  is  immediate  escape  of  the  aqueous 
humour  through  the  wound,  and,  the  anterior  chamber  being 
thus  emptied,  the  iris  is  approximated  to,  if  not  brought  into 
■actual  contact  with,  the  posterior  surface  of  the  cornea.  Some- 
times it  protrudes  through  the  wound. 

Treatment.— the  wound  is  near  the  periphery  of  the 
•cornea,  eserine  (i  per  cent,  solution)  should  be  dropped  into  the 
palpebral  aperture  so  as  to  contract  the  pupil,  and  so  draw  the 
ms  from  the  wound.  If  the  wound  is  at  or  near  the  centre, 
then  for  similar  reasons  the  use  of  a  solution  of  atropine  (1  per 
cent.)  is  indicated.  The  eye  should  be  at  once  closed  by  a  light 
-compress  of  lint,  which  can  be  kept  moist  with  cold  water. 
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When  the  iris  is  entangled  or  protruding  from  the  wouncl^ 
the  case  is  more  serious.  If  seen  within  a  few  hours  after  the 
accident  an  attempt  should  be  made  to  return  it.  Bearing  in 
mind  that  the  anterior  chamber  is  now  quite  shallow,  we  must 
be  careful  not  to  wound  the  crystalline  lens,  which  is  imme- 
diately behind  the  iris.  For  reducing  the  hernia  of  the  iris  a 
blunt-ended  caoutchouc  spatula  (fig.  39)  may  be  used,  combined 
at  the  same  time  with  the  local  use  of  atropine  or  eserine,  ac- 
cording as  the  wound  is  central  or  peripheral. 

It  is  sometimes  found  impossible  to  effect  a  return  of  the 
iris  in  this  manner  ;  in  which  case  the  protruding  portion  should 
be  seized  with  forceps  and  snipped  off  with  scissors  on  a  level 
with  the  surface,  and  the  edges  of  the  prolapsed  portion  reduced 
if  possible  ;  atropine  or  eserine  should  be  instilled  and  a  light 
compress  applied. 

If  the  case  is  not  seen  till  two  or  three  days  after  the  acci- 
dent, no  attempt  should  be  made  to  return  the  iris,  as  it  will  by 
that  time  have  become  inflamed,  swollen,  and  perhaps  adherent ;. 
the  projecting  portion  must  be  excised  with  scissors  in  the 
manner  just  indicated. 

When  the  crystalline  lens  is  wounded,  it  is  liable  to  become 
greatly  swollen,  and  to  set  up  glaucomatous  tension  and  inflam- 
matory trouble. 

The  cause  of  injury  should  always  be  carefully  ascertained, 
in  order  to  be  sure  that  no  foreign  body  has  entered  the  eye- 
ball. -, 
Foreign  bodies  in  the  cornea  are  of  frequent  occurrence,  and 
of  great  variety.  Those  most  commonly  met  with  are  small  bits, 
of  metal,  coal-dust,  and  sand.  _ 

The  presence  of  a  foreign  body  in  the  corneal  tissue  is 
marked  by  immediate  pain,  photophobia,  and  lachrymation ; 
the  pain  is  most  intense  when  the  substance  is  so  situated  as 
to  be  rubbed  against  and  pressed  upon  by  the  eyelid.  If  not 
quickly  removed,  local  keratitis  is  set  up.  The  presence  of  a 
foreign  body  is  sometimes  difiicult  to  recognise,  especially  when 
it  is  very  small ;  but  by  careful  examination  with  oblique  focal 
illumination  (p.  93)  it  can  always  be  detected.  _ 

Imviediate  removal  is  in  all  cases  imperative     The  difli- 
alty  of  this  will  depend  upon  the  depth  to  which  the  particle 
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has  become  embedded  in  the  tissue.    Cocaine  should  first  be 
instilled  to  produce  anassthesia  of  the  cornea  and  flaccidity  of  the 
eyelids.    For  ordinary  cases,  in  which  it  is  situated  on  a  level 
with  the  surface,  the  surgeon  stands  behind  the  patient,  who  is 
seated  in  a  good  light,  with  his  head  thrown  back  and  protected 
by  a  towel,  so  that  it  can  be  steadied  against  the  surgeon's  chest ; 
the  eyelids  are  now  separated  by  the  fingers  of  the  left  hand  and 
the  globe  held  in  position  by  firm  pressure  of  the  same  fingers 
against  the  ocular  conjunctiva.    The  patient  is  directed  to  look 
in  such  a  direction  as  may  bring  the  foreign  body  most  clearly 
into  view,  and  to  fix  his  vision  in  that  direction  as  much  as 
possible.    A  small  spud  (fig.  48)  is  now  used  ;  this  should  be 
passed  fairly  beneath  the  embedded  23article,  which  can 
then  be  elevated  and  removed. 

When  the  foreign  body  is  deeply  embedded  in  the 
cornea,  so  that  it  touches  or  even  perforates  Descemet's 
membrane,  it  may  be  impossible  to  remove  it  by  the 
above  method;  in  this  case  a  broad  needle  should  be 
passed  through  the  cornea  into  the  anterior  chamber,  in 
such  a  way  that  the  flat  portion  of  the  needle  can  be 
passed  behind  the  part  where  the  foreign  body  is  em-  ~~ 
bedded.    A  little  pressure  is  here  made,  and  the  point  cofnetfl 
of  a  Beer's  cataract  knife  or  a  keratome  can  now  be  Spud, 
used  to  cut  down  to  the  particle,  and  remove  it  without 
fear  of  its  falling  into  the  anterior  chamber.    This  done,  the 
broad  needle  is  withdrawn.    Great  care  must  be  taken  not  to 
wound  the  crystalline  lens.    A  drop  of  atropine  solution  is  used, 
and  the  eye  closed  by  a  light  compress  for  a  few  days. 

When  a  foreign  body  is  allowed  to  remain  in  the  cornea,  it 
establishes  local  keratitis,  which  may  be  very  severe  and  extend 
to  the  whole  cornea  ;  the  surrounding  tissue  becomes  hazy  and 
rather  swollen,  and  the  particle  sooner  or  later  becomes  loose 
and  detached.  The  resulting  opacity  in  this  case  is  much 
greater  than  it  would  have  been  had  the  particle  been  removed 
at  once ;  and  in  the  case  of  some  metals  there  is  often  a  con- 
siderable stain  left  from  deposit  of  the  oxide. 

_  Tumours  of  the  cornea  are  very  rare.  They  occasionally  occur 
primarily  m  this  tissue,  but  usually  extend  from  similar  growths 
either  of  the  ocular  conjunctiva  or  of  the  interior  of  the  eye. 
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The  chief  tumours  ai'e  epithelioma,  sarcoma,  fibroma,  and  der- 
moid cyst. 

Epithelioma  of  the  cornea'  usually  invades  this  structure  by 
extension  from  the  ocular  conjunctiva ;  it  sometimes,  however, 
appears  as  a  small  whitish  or  yellowish-white  nodule  at  the 
sclero-corneal  junction,  or  it  may  follow  a  pterygium.  At  first 
it  causes  but  slight  pain  or  inconvenience,  and  may  be  mistaken 
for  a  phlyctenule ;  sooner  or  later  it  spreads  and  becomes  pain- 
ful ;  the  surface  may  soften  and  break  down.  The  tumour  has 
a  greater  tendency  to  grow  outwards  like  a  papilloma  than  to 


Fig  49.— Epithelioma  of  the  Cornea :  junction  of  healthy  and 
diseased  parts.    (Photomicrograph  x  75.) 
K,  epitHelium  ;  Er,  epithelioma  ;  sr,  substantia  propria ;  d,  Descemefs  membrane. 

invade  the  deeper  structures  of  the  .globe.  The  conjunctival 
vessels  become  somewhat  congested,  and  slight  excess  of  mucus 
is  secreted.  It  may  eventually  prevent  closure  of  the  eyelids. 
Its  repeated  recurrence  after  removal,  and  the  presence  of  '  cell- 
nests,'  suggest  the  nature  of  the  growth.  _ 

Fig  49  is  a  section  of  epithelioma  m  this  region,  it 
presents  the  typical  appearance  of  epithelioma,  viz  excessive 
Lwth  of  epithelial  tissue,  in  the  depths  of  which  the  eel  s 
arrange  themselves  in  concentric  circles,  thus  assuming  a  '  nest- 

'  VelLu/.-Complete  removal  of  the  diseased  tissue  is  the 

'  Trans.  OpMli.  Soe.  vol.  xi.  p.  47. 
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only  way  of  preventing  tlie  spread  of  this  new-growtli.  This 
may  be  attempted  by  scraping  with  tlie  lupus  scoop,  or  by 
■excising  with  a  knife.  As  a  rule,  the  disease  returns  and 
spreads  to  the  surrounding  tissues.  Under  such  circumstances 
the  eye  had  better  be  enucleated,  and  any  surrounding  tissues 
that  may  be  affected  should  at  the  same  time  be  cut  away. 

Sarcoma  of  the  cornea  more  commonly  occurs  b}'  extension 
from  neighbouring  tissues.  It  varies  in  its  rate  of  progress,  but 
as  a  rule  is  rapidly  destructive.  Treatment  consists  in  early 
■excision  of  the  eye  and  all  surrounding  tissues  which  may  be 
implicated. 
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CHA.PTER  V. 

THE  DISEASES  OF  THE  SCLEROTIC. 

ANATOJIY  AND  PHYSIOLOGY— INFLAMMATION'— EPISCLERITIS— SCLEBITIS  — 
CONTUSIONS— KUPTUEE—WUUXUS—POEEIGN  BODIES. 

Anatomy  and  Physiology.— The  sclerotic  is  a  strong,  opaque, 
fibrous  structure  continuous  with  the  cornea,  from  which  it  ex- 
tends backwards  so  as  to  complete  the  external  coat  of  the  eye. 
Its  outer  surface  is  white  and  smooth ;  its  inner  surface  is  of  a 
light  brown  colour.  It  is  thickest  at  the  back  part  of  the  eye, 
and  thinnest  about  6  mm.  from  the  cornea  ;  at  the  point  of 
union  with  the  latter  it  again  becomes  thicker.  Posteriorly  it 
is  pierced  by  the  optic  nerve  at  a  point  about  2-5  mm.  internal 
to  the  antero-posterior  axis  of  the  globe. 

At  the  opening  through  which  the  optic  nerve  passes  the 
sclerotic  is  not  altogether  absent,  for  it  sends  across  fine 
trabecule,  which  form  a  sieve-like  membrane  through  which 
the  nerve-fibres  pass.  This,  which  is  called  the  lamina  crihvosn, 
is  composed  of  an  interlacement  of  bundles  of  white  fibrous 

tissue.  ^ 
The  texture  of  the  sclerotic  is  permeated  by  a  network  ot 
capillaries  having  very  wide  meshes ;  towards  the  cornea  this 
network  becomes  much  increased,  forming  a  vascular  rmg— ///e 
atoi/  or  circumcorneal  zone— which  terminates  m  loops  at  tlie 

periphery  of  the  cornea. 

The  canal  of  Schlemm  (see  fig.  51)  is  a  small,  flattened,  some- 
what oval  space,  situated  in  the  anterior  part  of  the  sclerotic, 
close  to  its  junction  with  the  cornea.  It  communicates  with 
the  anterior  chamber  by  fine  clefts  between  the  fibres  of  the 
licamentum  pectinatum.  The  precise  manner  m  which  it  com- 
municates with  the  veins  in  its  immediate  vicinity  is  still  di  - 
puted     In  all  probability  certain  valvular  arrangements  exist 
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whicbj  under  ordinaiy  conditions  of  intra-ocular  ])ressure,  allow 
the  contents  of  the  canal  to  pass  outwards,  either  directly  into 
the  veins  or  into  lymphatic  spaces  surrounding  the  latter. 

The  ligamentum  pectinatum  is  situated  just  inside  the  sclero- 
corneal  junction  (fig.  51).  It  is  intimately  attached  to  this 
part,  and  thence  extends  to  the  iris,  the  ciliary  processes,  and 
the  ciliary  muscle.  Its  trabecula3  and  lamellte  are  composed 
of  elastic  fibi'es,  which  are  derived  from  the  splitting  ujj  of  the 
membrane  of  Descemet.  The  epithelium  from  the  posterior 
surface  of  Descemet's  membrane  is  continued  over  these  fibres, 
and  on  to  the  anterior  surface  of  the  iris. 

Between  the  sclerotic  and  the  anterior  part  of  the  ocular 
conjunctiva  is  found  some  loose  connective  tissue  ;  this,  which 
varies  in  amount  in  different  individuals,  is  called  episcleral 
tissue. 

Covering  the  sclerotic  is  the  capsule  of  Tenon.     This  is 
a  fibrous  capsule,  which  envelops  the  sclerotic  and  sends  off 
processes  in  various  directions.   Anteriorly,  it  extends  to  within 
about  3  mm.  of  the  cornea,  and  blends  with  the  sclerotic  and 
conjunctiva.     Another  portion  passes  in   a  radial  direction 
behind  the  conjunctiva  and  the  palpebral  ligament,  to  become 
united  with  the  periosteum ;  other  reflections  take  place  along 
the  ocular  muscles  in  the  form  of  sheaths.  Posteriorly,  the  cap- 
sule is  continued  along  the  optic  nerve  as  far  as  the  optic 
foramen.    This  capsule  is  lined  by  flattened  epithelioid  cells, 
similar  to  those  of  serous  membrane.    It  forms  a  socket  in 
which  the  globe  can  rotate  in  any  direction.    Its  cavity  com- 
municates with  the  space  between  the  lamina  fusca  and  the 
lamma  suprachoroidea  by  means  of  the  perivascular  h^nph 
spaces  surrounding  the  venee  vorticoste. 

Inflammation  of  the  sclera  is  of  comparatively  rare  occur- 
rence, and  IS  usually  confined  to  the  circumcorneal  or  anterior 
zone  which  lies  between  the  cornea  and  equator  of  the  globe 
Sometimes  only  the  superficial  (episcleral)  portion  of  the  tunic 
IS  affected,  whilst  in  more  serious  cases  both  the  superficial  and 
deeper  layers  are  involved.  The  superficial  form,  episcleritis 
at  iirst  appears  as  a  dusky  red  nodular  swelling  beneath  the 
ocular  conjunctiva.  One  or  more  patches  may  occur ;  thev  usually 
occupy  the  portion  of  the  sclera  opposite  to  the  palpebral  Assure 
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They  are  not  movable  upon  the  sclera,  but  the  conjunctiva, 
can  be  freely  moved  over  them.  The  violet  tint  is  clue  to  the- 
episcleral  vessels  showing  through  the  congested  conjunctiva. 
The  affection  is  usually  very  slow  in  progress,  often  lasting- 
many  months.  It  does  not  go  on  to  suppuration.  It  is  liable 
to  recur,  and  may  leave  one  portion  of  the  sclera  and  crop  up 
at  another  place.  It  mostly  occurs  in  adults.  It  is  usually 
unattended  by  pain  or  other  subjective  symptoms  ;  occasionally 
there  is  considerable  discomfort  from  photophobia  and  laclny- 
mation,  in  addition  to  unsightliness  of  the  eye.  The  vision  is 
unaffected. 

When  the  deeper  portions  of  the  sclera  are  affected  (scleritis) 
the  swelling  may  be  associated  with  episcleritis,  but  generally 
extends  over  a  larger  surface,  frequently  all  round  the  circum- 
corneal  zone ;  the  swelling  is,  therefore,  less  nodular  and  sharply 
defined.    The  greater  part  or  even  the  whole  zone  is  of  a  dusky 
bluish-red  colour.    It  usually  attacks  both  eyes,  and  runs  a. 
very  protracted  course.    It  does  not  lead  to  suppuration,  but 
causes  absorption  or  thinning  of  the  superficial  layers  of  the- 
sclera,  so  that  the  miderlying  uveal  tract  gives  the  circumcorneal 
zone  a  bluish  dusky  aspect ;  sometimes  the  thinning  is  such  as 
to  lead  to  staphyloma  of  the  ciliary  region.    This  deep  form 
of  scleritis  differs  from  episcleritis  in  the  fact  that  it  usually 
extends  to  the  cornea  and  the  uveal  tract.    If  the  case  is  at  all 
severe,  it  will  be  found  that  there  is  haziness  of  the  deep  layers 
of  the' cornea,  also  signs  of  serous  or  plastic  iritis  and  cyclitis, 
with  the  formation  of  posterior  synechias  and  even  occlusion  of 
the  pupil ;  the  vitreous  is  often  found  to  be  hazy,  owing  prob- 
ably to  choroiditis  as  well  as  cyclitis.    The  visual  acuteness  is 
consequently  impaired;  pain,  photophobia,  and  lachrymation 
are  usually  move  or  less  severe.     The  disease  is,  therefore, 
one  which  may  terminate  very  seriously ;  yet  in  many  cases 
the  corneal  opacity  disappears,  the  vitreous  becomes  clear,  and 
other  inflammatory  troubles  subside,  leaving  the  vision  good, 
although  the  dusky  ring  surrounding  the  cornea  gives  the  eye 
1  peculiar  and  unhealthy  appearance. 

Causes  —Both  superficial  and  deep  forms  are  found  associated 
^dth  rheumatism,  gout,  syphilis,  scrofula,  aneemia,  and  dysmenor- 
rhrea     Often,  however,  no  other  disease  is  apparent,    i  atients 
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suffering  from  gonorrhoeal  rheumatism  are  sometimes  attacked 
with  scleritis,  associated  with  muco-purulent  conjunctivitis. 

Treatment  is  of  little  avail  either  in  superficial  or  deep 
scleritis.    In  the  superficial  form  the  eyes  may  be  protected  by 
coloured  glasses.     Should   subjective  symptoms  be  present, 
soothing  remedies,  cocaine,  atropine,  and  warm  fomentations 
may  be  used  locally,  but  on  no  account  should  irritating  reme- 
dies, such  as  zinc  or  cupric  sulphate,  be  employed.  Subcon- 
junctival injection  of  corrosive  sublimate  1  in  5,000,  once  or 
twice  a  week,  is  recommended  by  Snellen.    Pagenstecher  con- 
siders that  massage  with  yellow  precipitate  ointment  1  per 
cent,  accelerates  the  absorption  of  the  nodules  ;  the  ointment  is 
introduced  to  the  palpebral  sac  and  rubbed  in  by  placing  the 
finger  outside  the  upper  lid.    In  deep  scleritis  the  treatment 
must  vary  with  the  local  and  general  conditions.    When  pain 
iritis,  and  keratitis  are  impending  or  present,  leeching,  warm' 
fomentations,  atropine,  and  cocaine  are  indicated ;  whilst  the 
general  or  associated  affection,  such  as  rheumatism  or  syiDliilis 
must  be  treated  secundum  artem. 

Superficial  wounds  are  of  but  slight  importance,  and  usually 
heal  without  trouble. 

Contusions  of  the  solera  without  rupture  are  only  of  import- 
ance according  as  they  affect  the  internal  structures  of  tlie  eye. 
It  is  not  unfrequent  to  find  dislocation  of  the  lens,  partial  de- 
tachment of  the  iris,  rupture  of  the  choroid,  and  hemorrhage  into 
the  anterior  chamber  or  vitreous  resulting  from  a  severe  blow 
upon  the  eye,  which  may  not  have  caused  rupture  of  the  sclera 

Eupture  of  the  sclera  occasionally  results  from  a  severe  blow 
upon  the  eye.  The  violence  of  such  an  injury  is  usually  suffi- 
cient to  produce  other  lesions  of  the  deeper  structures.  A  blow 
upon  the  cornea  coming  directly  from  the  front  of  the  eye 
usually  produces  rupture  in  the  region  of  the  equator  of  the 
globe,  rhe  more  common  position  for  the  eye  to  be  struck  is 
below  the  cornea  in  a  direction  upwards  and  backwards :  this 
usually  produces  rupture  of  the  sclera  above  about  2  to  4  mm 
Irom  the  corneal  margin  and  concentric  with  it. 

^^'^^"y  irregular.    They  are  caused  by 
blows  with  the  fist,  a  stick,  stone,  racquet-ball,  or  door-handle 
Ifie  rupture  is  generally  complicated  by  injury  of  the  subjacent 
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structures.    Extensive  wounds  are  often  associated  with  escape 
or  protrusion  of  the  contents  of  the  globe  and  total  collapse  of 
the  eye.    Huptures  near  the  equator  are  usually  attended  with 
more  or  less  hasmorrhage  from  the  choroid  into  the  vitreous 
chamber ;  this  may  be  slight,  in  which  case  the  blood  is  visible 
by  means  of  the  ophthalmoscope,  or  it  may  be  so  extensive  as 
to  prevent  all  reflection  from  the  fundus,  and  thus  prevent  any 
of  its  details  being  seen.    When  the  rupture  occurs  in  the 
anterior  portion  of  the  sclera,  the  ciliary  body  is  in  jeopardy  and 
may  be  protruding  from  the  wound ;  the  iris  may  also  be  drawn 
outwards  with  the  ciliary  body;  the  crystalline  lens  may  be 
partly  or  entirely  dislocated,  and,  indeed,  may  have  escaped 
from  the  globe  altogether;  in  some  cases  the  lens  becomes 
lodged  outside  the  globe  beneath  the  ocular  conjunctiva.  The 
vitreons  humour  may  be  more  or  less  protruding  from  the 
wonnd,  and  will  be  recognised  by  its  clear  viscid  nature.  The 
conjunctiva,  owing  to  its  elasticity,  may  have  escaped  lacera- 
tion ;  this  is  always  a  favourable  coincidence,  inasmuch  as  the 
entire  membrane  protects  the  lacerated  globe  from  possible 
septic  infection. 

Wounds  of  the  sclera  are  most  common  in  the  anterior  por- 
tion of  the  globe  between  the  margin  of  the  cornea  and  the 
equator.  They  are  often  sclero-corneal,  mostly  penetrating  and 
involving  the  deeper  structures  of  the  eye,  and  sometimes, 
especially  in  gun-shot  wounds,  they  not  only  penetrate  the 
globe,  but  perforate  it,  leaving  a  counter-puncture  somewhere  in 
the  posterior  hemisphere.  Punctured  wounds  are  made  with 
a  fork,  needle,  bradawl,  or  other  sharp-pointed  instrument. 
Incised  wounds  are  made  with  sharp  instruments  such  as  a 
penknife  or  scissors.  Lacerated  wounds  are  not  only  produced 
by  rupture  of  the  sclera  but  by  splinters  of  metal,  glass  from 
bursting  bottles,  ricochet  bullets,  and  other  projectiles. 

When  wounds  are  small  there  is  sometimes  difficulty  m 
ascertaining  whether  they  are  penetrating  or  not.  If  penetrat- 
ing the  intra-ocular  tension  is  more  or  less  diminished  when 
compared  with  that  of  the  other  eye;  if  the  wound  be  m  the 
region  of  the  anterior  chamber,  this  will  be  shallow,  owing  to 
escape  of  the  aqueous.  The  ophthalmoscope  may  also  be  help- 
ful in  establishing  a  diagnosis  by  revealing  a  localised  h^mor- 
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rhage  in  the  vitreous  cavity,  oi*  a  disturbance  of  the  lens  sub- 
stance. In  larger  wounds  the  tension  of  the  eye  is  reduced  to 
flaccidity ;  the  condition  of  the  subjacent  parts  is  indicative  of 
the  depth  of  the  wound. 

In  all  wounds  of  the  sclera  it  is  of  the  greatest  importance 
to  ascertain  whether  any  foreign  body  has  been  retained  in  the 
•eye,  and  whether  the  instrument  causing  the  wound  was  con- 
taminated by  septic  matter.    The  exact  nature  of  the  accident 
must  be  carefully  ascertained.    The  earlier  a  case  is  seen  after 
the  injury  the  easier  it  usually  is  to  discern  the  presence  of  a 
foreign  body  in  the  eye :  after"  the  space  of  one  or  two  days 
such  bodies  are  usually  obscured  by  haziness  of  the  surround- 
ing media ;  only  in  rare  cases  do  they  remain  for  long  without 
setting  up  inflammation.    The  exact  position  of  a  foreign  body 
is  often  difficult  to  decide,  especially  when  it  is  thus  obscured 
by  inflammatory  haziness  or  deposit  in  its  vicinity.    The  prob- 
able direction  of  the  path  of  the  fragment,  the  position  of  the 
•entrance-wound,  the  great  sensitiveness  to  the  touch  of  any 
portion  of  the  globe,  and  the  presence  of  a  defective  area 
(scotoma)  of  the  visual  field,  may  help  in  the  localisation  of  the 
fragment. 

In  the  case  of  particles  of  iron  and  steel,  which  are  forcibly 
attracted  by  the  presence  of  a  powerful  electro-magnet  in  their 
-vicinity,  that  instrument  is  sometimes  useful  as  a  means  of 
diagnosis ;  by  bringing  the  magnet  into  contact  with  the  sclera 
■or  cornea  the  patient  will  sometimes  feel  distinct  discomfort 
owing  to  the  movement  of  the  particle  of  metal. 

The  presence  of  a  foreign  body  almost  invariably  leads  to 
the  destruction  of  an  eye.  This  may  not  take  place  for  months 
or  even  years  after  the  accident.  It  is  true  that  a  small  and 
thoroughly  aseptic  particle  may  enter  the  eye  and  remain  there 
tor  a  long  period  without  causing  more  than  a  slight  disturb- 
ance of  the  visual  field  or  visual  acuteness ;  but,  on  the  other 
hand,  we  never  can  be  sure  that  the  particle  is  aseptic,  and 
uch  cases  are  rare  indeed.  In  the  majority,  inflammation 
Mows  immediately  after  the  accident.  The  inflammation 
^  her  takes  the  form  of  plastic  irido-cyclitis  or  of  panophthal- 
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Treatment  and  'prognosis. — Simple  contusions  without  rupture 
of  the  sclera  should  be  treated  with  cold-water  compresses. 
Atropine  should  be  used  to  dilate  the  pupil  for  the  better  ex- 
amination of  the  fundus,  vitreous,  and  lens,  as  well  as  a  pre- 
caution against  subsequent  iritis.  Where  the  vision  is  good 
within  the  first  few  hours  after  the  accident,  and  the  lens  is 
found  to  remain  in  situ,  the  prognosis  is  favourable.  When  the 
lens  is  found  to  be  partly  or  entirely  dislocated,  either  back- 
wards or  forwards,  it  will  probably  become  cataractous  after  a 
longer  or  shorter  period.  Partial  or  complete  dislocation  of  the 
lens  is  also  liable  to  set  up  glaucomatous  tension.  HEemorrhage 
iato  the  anterior  chamber  may  be  slight  or  extensive ;  even  when 
it  is  so  great  as  to  obscure  the  whole  iris,  it  will  often  become 
entirely  absorbed  in  the  course  of  a  few  days  without  having 
caused  much  injury  either  to  the  eye  or  its  vision.  Haemorrhage 
into  the  vitreous  chamber,  whether  associated  with  that  of  the 
anterior  chamber  or  without  it,  is  of  much  greater  import.  Its 
presence  and  extent  are  approximately  gauged  by  the  power  of 
perception  and  projection  of  light  in  the  affected  eye.  In  cases 
of  hasmorrhage  into  the  anterior  chamber  only,  perception  and 
projection  of  a  strong  light  are  fairly  good ;  whilst  witli  ha3- 
morrhage  into  the  vitreous,  these  senses  are  impaired  almost 
directly  in  proportion  to  the  extent  and  situation  of  the  extrava- 
sated  blood.  In  the  latter  case,  also,  the  prognosis  is  much  less 
favourable — recovery  of  vision  will  be  very  slow  in  all  cases,  and 
in  many  will  never  be  complete.  When  blood  is  absent  or  has 
become  absorbed  from  the  area  of  the  dilated  pupil,  the  condition 
of  the  vitreous  can  be  tested  with  the  ophthalmoscope  ;  with 
partial  or  slight  hgemorrhage  there  will  be  fairlj'-  good  reflection 
of  light  from  the  fundus,  whilst  in  extensive  bleeding  no  illumi- 
nation of  the  fundus  can  be  obtained. 

Contusion  with  rupture  of  the  sclera  is  always  of  a  grave  nature. 
There  is  not  only  a  lacerated  wound  of  this  outer  tunic  of  the 
globe,  but  its  contents  are  necessarily  much  injured  and  dis- 
turbed. Healing  of  such  wounds  can  hardly  be  expected  with- 
out much  inflammatory  trouble,  especially  when  the  conjunctiva 
is  also  involved  in  the  laceration.  Only  in  cases  where  the 
rupture  is  slight  and  the  conjunctival  layer  is  intact,  so  as 
to  form  a  barrier  to  the  entrance  of  septic  organisms,  can 
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liealing  without  infiammation  be  hoped  for,  and  even  then  its 
jn-obability  is  very  remote.  In  all  cases,  therefore,  the  retention 
of  the  eye  is  fraught  with  the  danger  of  inflammation  in  itself, 
and  of  causing  sympathetic  trouble  in  the  other  eye.  The 
wounded  eye  should  therefore  be  removed  without  delay. 

When  a  foreign  body  is  lodged  ivithin  the  eye  it  must  be  re- 
moved as  soon  as  possible  after  the  accident.  If,  owing  to  its 
position,  it  cannot  be  removed  without  destruction  of  the  eye, 
the  latter  must  be  enucleated  or  eviscerated  without  delay.  The 
only  exception  to  this  rule  is  in  those  cases  in  which  a  fine  par- 
ticle of  steel  or  of.her  material  has  become  embedded  within  the 
substance  of  the  crystalline  lens ;  here  the  lens  will  afterwards 
probably  become  cataractous,  and  can  then  be  removed  with  the 
foreign  body  inside  it. 

The  earlier  a  case  is  seen  after  the  injury,  the  more  easy  will 
it  be  to  find  and  remove  the  foreign  body.  In  the  case  of  chips 
of  iron  or  steel  being  present,  and  the  wound  recent,  the  use  of 
the  electro-magnet  will  sometimes  draw  the  particle  out  along 
its  path  of  entrance,  or  through  an  opening  made  by  incision 
near  the  situation  of  the  particle.  This  instrument  (see  fig.  50) 
is  provided  with  ingenious  nozzles  of  different  sizes  and  shapes, 
which  can  be  inserted  through  the  wound  in  the  direction  of  the 
metal . 

When  such  a  body  has  been  some  time  in  the  eye,  and  the 
entrance-wound  has  healed,  its  exact  position  must  be  ascer- 
tained, and  an  incision  made  as  near  to  it  as  possible,  so  that 
the  nozzle  of  the  electro-magnet  can  be  introduced.  When  the 
particle  is  other  than  iron  and  steel,  the  magnet  is,  of  course,  of 
no  avail,  but  extraction  must  be  attempted  by  means  of  small 
forceps ;  these  can  be  introduced  into  the  wound  in  a  closed 
condition,  and  so  used  as  a  probe  or  sound,  and  when  the  particle 
is^felt  they  must  be  gently  opened  and  the  particle  groped 

In  enlarging  an  incision,  or  in  making  any  new  incision  fov 
the  removal  of  a  foreign  body,  it  is  well  to  avoid  wounding  the 
ciliary  body  :  the  sclera  may  be  incised  behind  this,  or  the  cornea 
m  front  of  it.  When  the  particle  is  seen  embedded  in  or  adherent 
to  the  ins.  It  is  best  removed  through  an  incision  at  or  near  the 
periphery  of  the  cornea.    If  the  electro-magnet  fails  to  extract 
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ifc  by  introducing  its  nozzle  tlirougli-  the  wound  thus  made,  it  is 
well  to  proceed  very  cautiously  in  attempting  its  removal  by 
means  of  small  forceps.  If  the  particle  cannot  be  easily  seized 
with  the  forceps  and  extracted  from  the  eye  at  the  first  attempt, 
the  iris  will  immediately  bleed  into  the  anterior  chamber  and  so 
at  once  render  it  invisible  through  the  cornea ;  in  this  case  it  is 
better  not  to  grope  for  it  again,  but  at  once  to  seize  that  portion 
of  the  iris  in  which  the  particle  is  situated,  draw  it  through  the 
corneal  wound,  and  perform  iridectomy  in  such  a  way  that  the 
particle  is  included  in  the  excised  portion  of  the  iris. 

If  by  these  or  any  more  ingenious  method  the  foreign  body 
cannot  be  removed  from  the  eye,  then,  with  the  one  exception 
mentioned  above,  the  sooner  the  eye  is  eviscerated  or  removed 
the  better. 

If  there  is  not  a  foreign  body  in  the  eye  it  is  often  difficult. 


Fig.  50. — Sn  ell's  Electro-magnet. 


even  with  great  experience,  to  decide  whether  a  wounded  eye 
should  be  retained  or  sacrificed.    When  the  wound  is  small  and 
not  involving  the  ciliary  region,  the  tension  of  the  globe  is  not 
greatly  diminished,  and  the  vision  is  still  good,  it  is  best  to 
wait  and  watch  the  case,  being  prepared  to  enucleate  the  eye 
should  imfavourable  symptoms  arise.    The  patient  should  be 
placed  in  bed,  the  wound  carefully  cleansed  and  disinfected  with 
sublimate  solution  1  in  5,000,  atropine  instilled  to  dilate  the 
pupil,  the  eyes  lightly  bandaged  and  protected  from  light.  If 
the  iris  is  protruding,  as  might  be  the  case  in  a  sclero-corneal 
wound,  it  should  be  carefully  excised,  as  in  iridectomy ;  if  the 
ciliary  body  or  choroid  lies  in  the  wound,  it  should  not  be 
excised,  otherwise   the  vitreous  will   escape.     Sometimes  a 
small  suture  may  be  introduced  with  advantage,  either  into  the 
sclera  or  into  the  conjunctiva,  immediately  over  the  wound. 
Small  wounds  often  heal  without  difficulty,  but  much  depends 
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upon  the  introduction  of  septic  matter  into  the  eye,  either  at 
the  time  or  after  tlie  injury.  Occasionally  a  small  wound  near 
the  edge  of  the  cornea  will  remain  patent  beneath  the  conjunc- 
tiva, forming  a  continuous  leakage  from  the  antei-ior  chamber 
(cystoid  cicatrix). 

Large  wounds  which  cause  collapse  of  the  globe  and  prolapse 
of  its  contents,  can  give  rise  to  no  hesitation  as  to  treatment ; 
if  allowed  to  remain,  they  are  sure  to  become  inflamed,  to  cause 
great  and  prolonged  suffering,  to  terminate  in  blindness  and 
disfigurement  of  the  wounded  eye,  and  to  cause  great  danger  of 
sympathetic  inflammation  in  the  other  eye.  They  should,  there- 
fore, be  eviscerated  or  excised  without  delay. 

It  is  only  in  eyes  which  still  retain  vision,  and  are  only 
moderately  wounded,  involving  probably  the  ciliary  region,  that 
both  the  treatment  and  the  prognosis  become  difficult  and  un- 
certain ;  the  case  must  then  be  carefully  treated  in  the  manner 
mentioned  above,  and  a  daily  examination  made  not  only  of  the 
injured  eye,  but  also  of  its  fellow.  Any  inflammatory  sign 
occurring  in  the  wounded  eye  must  be  looked  upon  as  a  danger 
signal  for  this  and  for  the  opposite  eye,  and  it  must  be  re- 
membered that  when  once  the  second  eye  has  been  overtaken 
by  sympathetic  inflammation  it  is  too  late  for  operative  inter- 
ference. 
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CHAPTER  VI. 

THE  DISEASES  OP  THE  IRIS,  THE  CILIARY  BODY, 
AND  THE  CHOROID. 

ANATOMY  AND  PHYSIOLOGY — IRITIS — CYCLITIS — IRIDO-CYCLITIS— CHOEOID- 
ITIS  —  IRIDO-CHOKOIDITIS  —  SYMPATHETIC  IRRITATION  —  SYMPATHETIC 
ophthalmitis) — INJURIES  —  TUMOURS  —  CONGENITAL  DEFORMITIES — 
OPERATIONS — IRIDECTOMY — IRIDODESIS — COBELYSIS — lEIDOTOMY. 


The  Tunica  Vasculosa  or  Uveal  Tract. 

Anatomy  and  Physiology. — This,  the  second  tunic  of  the  ej^e, 
is  found  immediately  beneath  the  sclerotic.  It  consists  of  three 
parts  which  from  before  backwards  are  respectively  called  the 
iris,  the  ciliary  body,  and  the  choroid. 

The  Iris  is  the  anterior  part  of  the  tunica  vasculosa,  which 
is  suspended  in  front  of  the  crystalline  lens.  It  is  the  beauti- 
fully coloured  and  contractile  membrane  which  is  seen  through 
the  transparent  cornea.  By  its  circumference  it  is  attached  to 
the  ligamentum  pectinatuni  and  to  the  ciliary  body.  At  its 
centre  is  the  aperture  of  the  pupil.  Its  anterior  surface  is  free, 
whilst  the  posterior  surface  rests  by  its  pupillary  edge  against 
the  capsule  of  the  crystalline  lens ;  an  absence  of  this  support 
causes  the  iris  to  be  tremulous— m(^orfo?iesis. 

On  section  of  the  iris  we  find  from  before  backwards  the 
following  structures : 

1.  T]ie  epithelioid  membrane,  which  is  continuous  with,  and 
similar  to,  that  on  the  back  of  Descemet's  membrane. 

2.  The  substantia  proirria,  which  consists  of  a  stroma  of 
connective  tissue  containing  branching  connective-tissue  cells, 
many  of  which,  in  dark  eyes,  contain  pigment-granules. 
Within  this  stroma  are  found  muscular  fibres,  blood-vessels, 
lymphatic  tissue,  and  nerves.  The  muscular  fibres  are  of  the 
imstriped  variety,  and  consist  of  a  flattened  ring  around  the 
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edge  of  the  pupil  nearer  to  the  posterior  than  to  the  anterior 
surface  (the  sphincter  2nqnUce).  The  arteries  are  derived  from 
the  circulus  iridis  major  and  from  the  ciliary  processes.  They 
proceed  in  the  middle  of  the  stroma  towards  the  pupillary  edge, 
and  there  form  a  free  anastomosis,  the  circulus  iridis  minor; 
they  give  off  capillary  networks  in  front  and  behind.  The 
middle  and  outer  coats  of  the  arteries  are  thick.  The  veins 
accompany  the  arteries.  There  are  no  distinct  lymphatic  vessels 
in  the  iris,  but  the  sheaths  of  the  blood-vessels  contain  lymph- 
atic sinuses,  as  also  do  the  trabeculae  of  the  stroma,  which  open 
into  the  spaces  between  the  fibres  of  the  ligamentum  pecti- 
natum.  The  nerves  of  the  iris  follow  the  same  course  as  the 
vessels  ;  they  are  very  numerous,  and  are  derived  from  the 
short  ciliary  nerves  coming  from  the  ophthalmic  ganglion,  which 
is  connected  by  its  roots  with  the  third  nerve,  the  cervical 
sympathetic,  and  with  the  nasal  branch  of  the  ophthalmic  divi- 
sion of  the  fifth  nerve.  The  short  ciliary  nerves  are,  moreover, 
accompanied  by  the  long  ciliary  nerves  coming  from  the  same 
nasal  branch  of  the  fifth  nerve. 

3.  A  hyaline  thin  meinhrane  (membrana  pigmenti)  which  is 
continuous  with  the  lamina  vitrea  of  the  ciliary  body. 

4.  The  uvea,  consisting  of  one  or  two  layers  of  polyhedral 
cells,  each  containing  an  oval  nucleus,  and  a  number  of  dark 
brown  pigment-granules.  In  blue  eyes  this  is  the  only  part  of 
the  iris  containing  pigment.  In  the  eyes  of  albinos  the  pig- 
ment is  absent  even  here.  This  layer  is  continuous  with  that 
of  the  ciliary  body. 

The  iris  in  health  presents  a  brilliant  appearance ;  its  colour 
in  dark  eyes  is  due  to  the  presence  of  pigment-granules  in  the 
connective-tissue  corpuscles  of  the  substantia  propria,  especially 
those  in  the  anterior  layers  of  the  iris  (see  fig.  52)  ;  in  blue  eyes 
the  colour  is  not  due  to  the  pigment  of  the  uvea,  but  to  '  inter- 
ference '  phenomena.  The  eyes  of  newly  born  children,  even 
among  the  dark  races,  are  always  blue,  the  pigmentation  taking 
place  after  birth. 

The  iris,  with  its  central  aperture,  the  pupil,  serves  as  a 
diaphragm  to  shut  off  marginal  rays;  it  also  regulates  the 
amount  of  light  entering  the  eye,  and  it  acts  as  an  auxiliary  to 
accommodation.    The  size  of  the  pupil  depends  upon  the  state 
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of  contraction  of  the  two  antagonistic  sets  of  muscular  fibres, 
the  sphincter  and  dilatator  piipillae. 

The  mobilifij  of  the  puj/il  should  be  examined  in  every 
patient ;  its  action  to  direct  and  consensual  light  reflex,  its 
reflex  dilatation  to  cutaneous  irritation,  and  its  reaction  to  ac- 
commodation, should  be  tested  according  to  the  method  described 
in  the  chapter  on  Diseases  of  the  Ocular  Muscles. 

The  nervous  mechanism  of  the  pupil  is  of  a  peculiar  and 
complex  nature.  Contraction  of  the  inqnl  occurs  :  (1)  When 
the  retina  is  stimulated,  as  when  light  falls  upon  the  retina  : 


Fig.  52.— Section  of  Normal  Iris.    (Photomicrograph  x  300.) 
A,  anterior  surface  ;  c,  connective-tissue  stroma ;  v,  uvea. 

the  brighter  the  light  the  greater  the  contraction.  (2)  When 
the  optic  nerve  is  stimulated  by  other  agents,  as  electricity. 
(3)  When  the  eyes  are  accommodated  for  near  vision.  (4)  In 
the  early  stages  of  poisoning  by  chloroform,  alcohol,  &c.; 
and  in  nearly  all  stages  of  poisoning  by  morphia,  eserine,  and 
some  other  drugs.  (5)  In  deep  sleep.  (6)  After  the  local 
application  of  eserine  and  other  myotics.  Dilatation  of  the  jnt^nl 
occurs  :  (1)  When  the  stimulus  of  light  is  withdrawn  from  the 
retma,  as  by  passing  from  a  bright  into  a  dim  light.  (2)  When 
the  eye  is  adjusted  for  distant  vision.  (3)  During  dyspnoea, 
during  powerful  irritation  of  the  sensory  nerves,  during  violent 
muscular  efforts,  in  the  later  stages  of  poisoning  by  chloroform 


154    DISEASES  OF  IRIS,  CILIARY  BODY,  AND  CHOROID. 

and  in  all  stages  of  poisoning  by  atropine  and  certain  other  drugs. 
(4)  After  the  local  action  of  atropine  and  other  mydriatics. 

'  The  pupil  may  be  considered  to  be  under  the  dominion  of 
two  antagonistic  mechanisms  :  one  a  contracting  mechanism, 
reflex  in  nature,  the  third  nerve  serving  as  tlie  efferent,  and  the 
optic  as  the  afferent  tract  ;  the  other  a  dilating  mechanism, 
apparently  tonic  in  nature,  but  subject  to  augmentation  from 
various  causes,  and  of  this  the  cervical  sympathetic  is  the 
efferent  channel.  Hence,  when  the  optic  or  third  nerve  is 
divided,  not  only  does  contraction  of  the  pupil  cease  to  be 
manifest,  but  active  dilatation  occurs,  on  account  of  the  tonic 
dilating  influence  of  the  sympathetic  being  left  free  to  work. 
When,  on  the  other  hand,  the  sympathetic  is  divided,  this  tonic 
influence  falls  away,  and  contraction  results.  When  the  optic 
or  third  nerve  is  stimulated,  the  dilating  effect  of  the  sympa- 
thetic is  overcome,  and  contraction  results  ;  and  when  the 
sympathetic  is  stimulated,  any  contracting  influence  of  the 
third  nerve  which  may  be  present  is  overcome,  and  dilatation 
ensues '  (M.  Foster). 

Further  considerations,  however,  show  that  the  matter  is 
still  more  complex  than  this.  When  eserine  is  applied  to  the 
eye,  contraction  of  the  pupil  is  caused  whether  the  third  nerve 
has  been  divided  or  not,  and  with  a  strong  dose  the  contraction 
is  so  great  that  it  cannot  be  overcome  by  stimulation  of  the 
sympathetic.  From  these  and  other  facts  it  is  evident  that  this 
myotic  acts  either  directly  upon  the  plain  muscular  fibres  of  the 
iris,  or  upon  some  local  mechanism  which  is  supposed  to  exist 
either  in  the  iris  itself  or  in  the  choroid,  where,  indeed,  gangli- 
onic cells  are  abundant. 

With  regard  to  the  contraction  of  the  pupils,  whicli  takes 
place  when  the  eyes  are  accommodated  for  near  vision,  and 
turned  inwards  (the  two  actions  being  closely  allied,  since  the 
eyes  converge  to  see  near  objects),  and  the  return  to  the  more 
dilated  condition,  when  the  eyes  return  to  rest  and  regain  the 
accommodation  for  distant  objects  ;  these  actions  are  explained 
by  what  are  called  '  associated  movements.'  Two  movements 
are  said  to  be  '  associated '  when  the  special  central  nervous 
mechanism  employed  in  carrying  out  the  one  act  is  so  con- 
nected with  that  employed  in  carrying  out  the  other,  that  when 
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we  set  the  one  mechanism  in  action  we  unintentionally  set  the 
other  in  action  also. 

The  ciliary  body  is  that  part  of  the  tunica  vasculosa  which 
extends  backwards  from  the  base  of  tlie  iris  to  the  anterior  part 
of  the  choroid  (see  fig.  51).    Anatomically  it  consists  of  two 
parts,  an  anterior  thick  portion,  which  supports  the  ciliary 
processes,  inirs  iMcata,  and  a  posterior  portion  devoid  of 
processes,  j)«?'s  non-i>licata,  which  gradually  thins  off  into  the 
choroid.    The  ciliary  processes  are  composed  of  a  connective- 
tissue  stroma,  similar  to  that  of  the  iris  and  continuous  with 
it,  limited  externally  by  the  ciliary  muscle.    Lining  them,  as 
well  as  the  remainder  of  the  ciliary  body,  are  two  layers  of  cells 
separated  from  the  underlying  connective  tissue  by  the  lamina 
vitrea.    The  outer  layer  is  pigmented  and  continuous  with  the 
pigmentary  epithelium  of  the  retina  behind  and  with  the  uvea 
on  the  posterior  surface  of  the  iris  in  front.    This  layer  of  cells, 
from  the  pupillary  margin  in  front,  to  the  edge  of  the  optic 
disc  behind,  is  sometimes  called  the  uveal  iract.     The  inner 
layer  devoid  of  pigment-granules  is  the  sole  representative  of 
the  remaining  layers  of  the  retina  in  front  of  the  ora  serrata, 
and  is  called  the  imrs  ciliaris  retinae ;  it  consists  of  two  kinds  of 
cells,  one  set  being  cuboidal,  granular  and  with  prominent 
nucleus ;  the  other  set  are  extremely  fine  and  elongated  so  as  to 
form  slender  fibrils  which  unite  together  and  aid  in  the  forma- 
tion of  the  suspensory  ligament  (6g.  53).    Secretory  tubular 
glands  have  been  described  and  demonstrated  by  Mr.  Treacher 
Collins.  1    They  exist  for  the  greater  part  at  the  junction  of  the 
plicated  and  non-plicated  portions  of  the  ciliary  body,  and  to 
them  Mr  Collins  attributes  the  secretion  of  the  natural  intra- 
ocular fluids.    The  connective  tissue  between  the  bases  of  the 
processes  and  the  ciliary  muscle  contains  the  larger  vessels 
derived  from  the  circulus  iridis  major  (p.  159),  which  distribute 
small  arterioles  to  each  of  the  ciliary  processes :  these  break  up 
into  a  capillary  network,  from  which  an  afferent  vessel  passes 
out.    These  veins  convey  the  blood  backwards  to  the -vena? 
vorticosac. 

The  ciliary  muscle  (Bowman)  arises  from  the  fibres  of  the 
hgamentura  pectinatum  opposite  to  the  sclero-corneal  junction; 

'  Tram.  Ophth.  Soc.  vol.  xi.  p.  65. 
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from  this  origin  the  greater  part  of  its  fibres  (meridional)  pass 
directly  backwards  to  be  inserted  into  the  choroid.  Other 
fascicnli  (oblique)  pass  inwards  to  the  ciliary  processes ;  these 
run  divergingly,  and  frequently  anastomose  with  one  another ; 
having  reached  the  inner  side  they  become  circular.  Others 
appear  to  pass  in  a  direction  almost  circular  (Miiller's  annular 
muscle). 

In  hypermetropes  this  annular  muscle  is  more  developed 
than  in  the  emmeti'opic  eye.    In  myopes,  on  the  contrary,  the 


Fig.  53. — Coronal  Section  of  Ciliary  Region.    (Photomicrograph  x  75.) 
c,  capsule  of  leus  ;  l,  Icus ;  s.l,  suspensory  ligament ;  c.r,  ciliiiry  process  ;  cm,  ciliary  muscle. 

circular  fasciculi  are  feebly  developed,  the  meridional  fibres 
constitutiiig  nearly  all  the  muscle  (A.  IwanofF). 

The  fibres  are  of  the  unstriped  variety  ;  the  muscle  possesses 
a  network  of  capillaries  and  a  plexus  of  non-meduUated  nerve- 
fibres,  with  numerous  ganglion  cells. 

(For  the  action  of  the  muscle,  see  Refraction.) 

Between  the  ciliary  muscle  and  the  sclerotic  coat  is  a  hjmph 
space  continuous  with  that  between  the  lamina  suprachoroidea 
and  the  lamina  fusca,  and  limited  anteriorly  by  the  attachment 
of  the  ciliary  muscle  (see  fig.  51).  It  is  a  common  seat  for 
inflammatory  exudations  or  hsemorrhage  in  cyclitic  troubles. 

The  choroid  is  the  posterior  part  of  the  tunica  vasculosa, 
which  extends  from  the  ciliary  body  to  the  optic  disc,  and  lies 
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between  the  sclerotic  and  the  retina.  On  microscopic  section, 
it  presents  from  without  inwards  the  following  parts  : 

1.  The  lamina  fami. — This  consists  of  lamellas  of  loose 
connective  tissue  containing  pigment-cells;  it  adlieres  to  the 
sclerotic  when  that  is  separated  from  the  choroid,  and  from  this 
fact  it  is  sometimes  described  as  belonging  to  that  tunic. 

2.  The  lamina  sitprachoroidea,  which  is  similar  in  structure 
to  the  lamina  fusca,  being  composed  of  lamellae  of  branched 
pigmented,  connective-tissue  corpuscles  and  a  network  of  elastic 
tissue ;  when  the  choroid  is  separated  from  the  sclerotic  this 
part  adheres  to  the  former.  The  space  between  the  lamina  fusca 
and  the  lamina  suprachoroidea  is  lined  by  endothelium  and  is 
considered  to  be  a  lymph  space. 

3.  The  lavdna  vamalom  consists  of  a  dense  network  of  large 
intercommunicating  veins  so  closely  connected  that  in  some 
parts  the  intervascular  spaces  are  less  in  diameter  than  the 
veins  themselves.  This  venous  plexus  ends  abruptly  at  the  ora 
serrata.  Within  the  fenestrations,  which  are  chiefly  fusiform  in 
shape,  are  pigmented  connective-tissue  corpuscles,  the  presence 
of  which  renders  this  membrane  uniformly  dense  and  reflective 
in  most  eyes ;  a  deficiency  or  excess  of  these  pigment-cells  will 
cause  the  outline  of  the  choroidal  vessels  to  be  seen. 

4.  The  cliorio-capillaris  or  mernhxtne  of  Rimjsch  is  a  reticu- 
lated vascular  membrane  of  closely  intercommunicating  capillaries 
of  large  diameter  ;  the  meshes  of  this  network  are  small.  There 
are  no  pigment-cells  in  this  layer,  and  few,  if  any,  round  cells. 
A  delicate  structui'eless  membrane,  tlie  elastic  layer  of  Sattler,  is 
supposed  to  exist  between  this  and  the  former  layer. 

5.  The  lamina  vitrea  is  a  hyaline  membrane  continuous  with 
that  of  the  ciliary  body,  which  supports  the  pigmentary  epithe- 
lium of  the  retina. 

The  hlood-supplii  of  ilis  tardea  vasculosa  is  very  free  (see 
fig.  54),  and  is  divided  into  two  distinct  regions,  the  posterior 
part  or  choroid  being  supplied  by  the  short  posterior  ciliari/ 
arteries,  whilst  the  ciliary  body  and  the  iris  are  supplied  by 
branches  from  the  long  posterior  ciliary  and  the  anterior  ciliary 
arteries.  The  short  posterior  ciliary  arteries,  ten  or  twelve  in 
number,  pierce  the  sclerotic  close  to  the  optic  nerve,  passing 
through  the  lamina  fusca  into  the  deeper  part  of  the  lamina 
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fiupi-aclioroiclea  ;  they  divide  dichotomonsly,  and  ultimately  pass 
into  the  capillaries  of  the  chorio-capillaris.  Except  in  the 
re"-ion  of  the  optic  nei've,  where  a  circulai'  arterial  anastomosis 
exists  around  the  disc,  the  branches  do  not  anastomose  much 
with  one  another.  Anteriorly  they  receive  a  fev^^  anastomotic 
communications  from  the  ciliary  region. 

The  long  posterior  ciliary  arteries,  two  in  number,  pierce  the 
sclerotic  posteriorly,  and  pass  forwards  between  this  and  the 
choroid  as  far  as  the  ciliary  body.  They  give  off  no  branches 
until  they  arrive  at  the  ciliary  region.  Having  reached  this, 
they  give  branches  to  the  ciliary  muscle,  and  then,  uniting  with 
branches  from  the  anterior  ciliaries,  which  have  pierced  the 
sclerotic  from  the  front,  they  take  a  circular  direction  and  form 
the  circulus  iridis  major. 

The  anterior  ciliarij  arteries,  about  five  in  number,  are 
supplied  from  the  muscular  and  lachrymal  branches  of  the 
ophthalmic  artery  ;  they  pierce  the  sclerotic  near  the  margin  of 
the  cornea,  and  then  divide  into  branches  to  the  ciliary  muscle 
and  to  the  circulus  iridis  major  above  mentioned. 

The  circulas  iridis  nwjor  gives  off  branches  to  the  ciliary 
processes,  which  divide  up  into  numberless  fine  branches.  It 
also  gives  branches  to  the  ii"is,  which  pass  radially  towards  the 
pupillary  margin,  where  they  form  an  anastomotic  ring,  the 
circulus  iridis  minor. 

The  veins  of  the  tunica  vasculosa  are  somewhat  different  in 
their  mode  of  termination  to  that  of  the  arteries.  Thus  the 
anterior  ciliary  veins  are  quite  rudimentary,  and  the  blood 
from  the  veins  of  the  iris  and  ciliary  region  is  all  returned  to 
the  choroidal  veins.  In  the  region  of  the  canal  of  Schlemm 
there  is  a  venous  plexus,  which  also  sends  its  blood  to  the 
choroidal  veins. 

The  veins  of  the  choroid  anastomose  very  freely  with  one 
another;  they  do  not  accompany  the  posterior  short  ciliary 
ai-teries,  but  are  arranged  in  curves  (venee  vorticosa?)  as  they 
converge  to  about  four  principal  trunks;  these  pierce  the 
sclerotic  very  obliquely  about  half-way  between  the  optic  nerve 
and  the  cornea  to  join  the  ophthalmic  vein  {h,  fig.  54). 

The  function  of  the  tunica  vascidosa  is  of  great  importance.  * 
In  the  first  place  there  is  a  slight  anastomosis  between  the- 
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vessels  of  the  choroid  at  tlie  edge  of  the  optic  disc  and  those  of 
the  optic  nerve  at  the  same  pLace,  so  that  these  may  have  some 
influence  in  the  nutrition  of  the  optic  nerve  and  retina.  Secondly, 
the  capillary  layers  of  the  choroid,  the  chorio-capillaris,  and  its 
corresponding  parts  in  the  ciliary  processes  and  in  the  iris,  are 
of  great  importance  in  the  general  nutrition  of  the  eye,  and  in 
the  regulation  of  intra-ocular  tension.  Then  the  chorio-capillaris 
undoubtedly  supplies  nutrition  and  warmth  to  the  outer  layers 
of  the  retina;  in  conjunction  with  the  ciliary  processes  it  also 
supplies  nourishment  to  the  vitreous.  The  ciliary  processes,  by 
their  proximity  to  the  edge  of  the  lens,  are  considered  to  be  the 
chief  agents  of  nutrition  to  that  body  (Brailey). 

The  ac^ueous  humour  is  secreted  by  the  ciliary  processes 
The  course  of  the  circulation  of  the  aqueous  humour  will  be 
presently  considered  under  the  lymphatic  system  of  the  eye. 

The  ciliary  nerves,  about  fifteen  in  number,  are  derived  fi-om 
the  ophthalmic  ganglion  and  from  the  nasal  branch  of  the  fifth 
nerve.  They  pierce  the  sclerotic  near  the  optic  nerve  entrance ; 
passing  forwards  between  this  tunic  and  choroid  they  send 
bi-anches  to  the  latter,  and  to  the  ciliary  body,  iris,  and  cornea. 

The  lymphatics  of  the  eye. — Schwalbe  '  has  shown  that  there 
exist  in  the  eye  several  spaces  in  which  lymph  is  formed,  and 
from  which  it  is  discharged  in  three  directions.  These  he 
classifies  into  an  anterior  and  two  posterior  systems. 

The  anterior'  lymphatic  system  comprises  the  canal  of  Petit, 
the  aqueous  chamber,  the  spaces  of  Fontana,  the  canal  of 
Schlemm,  and  the  venous  or  lymphatic  plexus  in  connection 
with  this  canal.  The  lymph  secreted  by  the  ciliary  processes 
travels  to  the  aqueous  chamber  by  three  channels ;  a  large  pro- 
portion passes  to  the  vitreous  humour  and  the  canal  of  Petit,  and 
thence  through  the  suspensory  ligament  to  the  aqueous  chamber, 
then  forwards  through  the  pupil ;  another  portion  passes  directly 
into  the  aqueous  chamber,  and  then  forwards  through  the  pupil ; 
a  third  current  takes  place  from  the  ciliary  processes  through 
the  base  of  the  iris  into  the  periphery  of  the  aqueous  chamber. 
The  aqueous  humour  thus  formed  leaves  the  aqueous  chamber  at 
the  angle  between  the  iris  and  the  cornea  by  passing  through  the 
meshwork  of  the  ligamentum  pectinatum  (spaces  of  Pontana) ; 
'  Strieker's  Handbook  of  Histology. 


IRITIS. 


161 


it  then  reaches  the  canal  of  Schlemm,  where  there  exists 
a  system  of  valves  through  which  the  aqueous  pa,sses  directly 
into  the  plexus  of  veins  in  its  immediate  vicinity.  Having 
thus  reached  the  blood-current,  it  is  conveyed  to  the  choroidal 
veins. 

The  postenor  hjm.phatic  spaces  are  two  in  number — viz.  those 
of  the  choroid  and  the  sclerotic,  and  those  of  the  retina  and  optic 
nerve.  The  first  of  these  has  already  been  mentioned  as  existing 
between  the  lamina  fusca  and  lamina  suprachoroidea ;  this  space 
communicates,  by  means  of  perivascular  sheaths  siirronnding  the 
vente  vorticosEe,  with  the  lymph  space  within  the  capsule  of 
Tenon,  which,  as  we  have  seen,  extends  along  the  outside  of  the 
optic  nerve,  through  the  cranium,  and  into  the  lymphatics  of 
the  neck. 

The  lymphatics  of  the  retina  form  sheaths  to  the  blood- 
vessels, and  so  pass  to  the  optic  nerve.  The  optic  nerve  also 
possesses  another  lymph  space  between  its  pial  and  dural 
sheaths,  the  intersheath  space,  which  communicates  posteriorly 
with  the  sub-dural  cavity,  and  terminates  anteriorly  at  the 
lamina  cribrosa. 

Congestion  of  the  iris  attends  many  local  inflammatory 
changes,  as  purulent  ophthalmia,  severe  catarrhal  conjunctivitis, 
and  other  severe  forms  of  conjunctival  inflammation  ;  keratitis, 
especially  if  due  to  a  foreign  body  deeply  embedded  in  the  sub- 
stance of  the  cornea ;  other  forms  of  injury ;  also  after  intra- 
ocular operations,  as  iridectomy,  cataract  extraction,  &c. ;  and 
since  it  is  the  first  stage  of  inflammation,  its  early  recognition, 
combined  with  prompt  treatment,  will  often  cut  short  an  im- 
pending attack  of  acute  plastic  iritis.  It  is  characterised  by 
contraction  and  sluggish  action  of  the  pupil,  slight  discoloration 
of  the  iris  with  indistinctness  of  its  reticulum ;  the  outline  of 
the  pupil  is  clear,  the  media  are  not  hazy,  and  the  pupil  dilates 
fully  and  regularly  under  a  mydriatic.  There  is  always  injection 
of  the  circumcorneal  zone.  The  treatment  mainly  consists  in 
local  depletion  by  leeches  and  the  instillation  of  atropine  drops. 

Iritis.— 8ymp)toms.— The  different  forms  of  iiitis  have  many 
signs,  subjective  and  objective,  common  to  them  all ;  they  are 
as  follows:  1.  The  mobility  of  the  iris  is  diminished.  In  all 
<iases  of  iuflaramation  of  the  iris,  the  pupil  will  be  found  to  move 
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less  actively  than  in  liealtli ;  in  some  cases  its  movements  are 
sluggish,  in  others  it  is  quite  inactive. 

2.  Vision  is  impaired.  The  normal  eye,  when  emmetropic, 
is  able  to  read  No.  6  of  Snellen's  test-types  at  six  metres  dis- 
tance (f),  but  in  iritis  this  will  nearly  always  be  found  to  be 
impossible.  The  patient  will  only  be  able  to  see  the  larger 
types,  -fo  or       rarely  any  smaller. 

3.  The  colour  of  the  iris  is  altered.  This  change  is  some- 
times very  slight,  and  liable  to  escape  notice,  but  by  a  careful 
examination  with  oblique  focal  illumination,  there  will  nearly 
always  be  found  a  change  in  the  colour  of  the  tissue  surround- 
ing the  edge  of  the  pupil.  In  many  cases  this  is  very  marked, 
the  blue  or  grey  iris  becoming  of  a  yellowish-green  tint,  whilst 
the  dark  brown  colour  assumes  a  brownish  red,  or  rust  colour. 
Besides  this,  there  is  generally  a  dull  muddy  appearance  of  the 
tissue  of  the  iris. 

4.  The  blood-vessels  immediately  sun'ounding  the  cornea  are 
injected.  These  are  always  seen  as  a  pink,  or  deep  red  ring, 
whenever  iritis  is  present  (see  fig.  8,  opposite  p.  100). 

5.  Paiii  may  be  entirely  absent,  or  may  exist  in  various  de- 
grees ot  severity  within  the  eye,  and  in  the  surrounding  tem- 
poral, frontal,  and  malar  regions.  It  is  often  associated  with 
photophobia  and  lachrymation. 

Varieties  and  Pathology  : — 

Acute  mifis,"serous,  plastic,  and  suppurative. 
Chronic  iritis,  simple  and  tubercular. 

1.  Iritis  serosa  (keratitis  punctata,  descemetiti  s,  aquo- 
capsulitis). — This  affection  is  recognised  by  a  sluggish,  somewhat 
dilated,  piqnl,  by  raised  tension,  by  a  deepened  anterior  chamber, 
and  by  the  presence  of  Jceratitis  punctata.  The  iris  becomes 
lustreless  and  rather  muddy  in  appearance ;  it  evinces  but  little 
tendency  to  the  formation  of  plastic  exudations.  There  is  slight 
injection  of  the  circumcorneal  zone,  rarely  very  marked.  The 
aqueous  humour  is  turbid  and  distends  the  anterior  chamber  ^ 
the  cornea  presents  a  hazy  appearance  at  its  lower  part .  Upon 
examining  the  latter  by  the  oblique  focal  illumination ,  or  with 
the  ophthalmoscope,  small  dots  of  opacity  are  seen  on  the  back  of 
that  membrane — keratitis  punctata — the  microscopic  appearance 
of  which  is  represented  in  fig.  34,  p.  99.    These  dots  may  be 
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in-egulavly  scattered  or,  as  is  more  often  tlie  case,  may  occupy 
a  triangular  area,  the  apex  of  which  is  opposite  the  pupil  and 
the  base  at  the  periphery  of  the  cornea,  either  below  or  at  one 
side  (fig.  5,  opposite  p.  100). 

Treacher  Collins  >  considers  that  these  cells  aggregated  on 
the  back  of  Descemet's  membrane  are  derived  from  the  ciliary 
glands,  the  cells  of  which  have  proliferated  from  catarrhal  in- 
flammation, and,  being  thrown  off,  are  carried  by  the  lymph- 
stream  through  the  pupil  to  the  back  of  the  coi-nea.  If  such  be 
the  case — and  there  appears  to  be  no  reason  to  doubt  it: — this 
affection  cannot  any  longer  be  considered  an  iritis  per  se,  but  a 
primary  catarrhal  cyclitis,  or,  as  Mr.  Priestley  Smith  suggests, 
'  a  serous  cyclitis.'  However,  other  observers  still  support  the 
theory  that  these  cells  are  due  to  a  hyperplasia  of  the  epithelial 
elements  lining  Descemet's  membrane. 

Since  cyclitis  is  an  invariable  accompaniment  of  this  affection, 
there  is  always  found  a  considerable  cellular  exudation  into  the 
substance  of  the  ciliary  body.  At  the  iritic  angle  it  is  usually 
most  marked,  the  fibres  of  the  ligamentum  pectinatum  iridis  are 
completely  obliterated  by  cells,  and  the  spaces  of  Fontana  be- 
come blocked.  This  mechanical  obstruction,  together  with  hyper- 
secretion of  lymph  from  the  ciliary  body,  are  sufficient  causes 
to  account  for  the  increase  of  tension.  Glaucomatous  cupping 
of  the  disc,  with  considerable  impairment  of  vision,  may 
follow. 

2.  Iritis  plastica. — Under  this  head  may  be  placed  a  large 
and  varied  class  of  cases,  in  all  of  which,  however,  we  find  a 
tendency  to  plastic  exudation,  to  contraction  and  sluggish  action 
of  the  pupil,  and  to  itregular  dilatation  under  a  myd/riatic.  The 
change  in  colour  of  the  iris  is  often  very  marked,  especially  if 
the  natural  colour  be  blue;  and,  from  the  turbidity  of  the  aqueous 
and  the  exudation  within  and  upon  its  surface,  the  iris  loses  its 
natural  brilliancy  and  assumes  a  muddy  and  lustreless  appear- 
ance. The  exudation  of  lymph  occurs  on  the  back  as  well  as  on 
the  fi-ont  of  this  membrane,  and  occasionally  fills  the  pupillary 
area ;  the  irregular  dilatation  of  the  pupil  upon  instilling  atro- 
pine in  a  recent  attack  of  iritis  is  due  to  lymjjh  adhesions  between 
the  iris  and  lens  capsule,  which  form  temporanj  posterior  synechias. 
'  Trams.  OpMh.  Soo.  vol.  xi.  p.  55. 
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The  outline  of  the  pupil  in  all  cases  of  plastic  iritis  becomes 
blurred  and  indistinct  (see  fig.  8,  opposite  p.  100.)  There 
are  different  varieties  of  plastic  iritis,  classified  according  to 
their  cause  as  Syphilitic  Iritis,  Rheumatic  Iritis,  &c. 

Syphilitic  iritis  comes  on  as  a  secondary  symptom,  as  a  rule 
within  nine  monfhs  after  the  acquirement  of  the  initial  lesion, 
generally  appearing  a  few  weeks  after  the  occurrence  of  the 
rash  ;  it  is  exceedingly  rare  after  the  second  year.  It  differs 
from  other  forms  of  plastic  iritis  in  the  large  amount  of  lymph 
which  is  thrown  out,  and  in  the  rapidity  with  which  this  becomes 
■organised,  causing  marked  change  in  the  colour  of  the  iris,  es- 
pecially around  the  edge  of  the  pupil,  and  extensive  adhesions. 
It  also  shows  no  tendency  to  recur  when  once  it  is  cured. 
Gummatous  nodules  are  sometimes  seen,  and  occur  in  those 
rare  forms  of  iritis  which  appear  late  in  the  second  year  of 
syphilis.  Yellowish-red  nodules  are  formed  neai-  the  pupillary 
margin  during  the  attacks  of  inflammation — gummatous  iritis ; 
they  subside  and  entirely  disappear  under  treatment.  Pain  and 
conjunctival  injection  are  often  comparatively  insignificant. 

Rheumatic  iritis  is  most  common  in  the  chronic  foi'ms  of 
rheumatism.  It  is  attended  with  greater  pain  and  conjunctival 
injection  than  the  syphilitic  form.  The  plastic  exudation,  how- 
ever, is  less :  there  is  consequently  less  change  of  colour  in 
the  iris,  and  the  adhesions  are  less  extensive  and  form  less 
rapidly.    It  shows  great  tendency  to  relapse. 

The  minute  anatomical  changes  consist  in  general  vascular 
■engorgement,  with  a  rapid  cellular  exudation  into  the  whole  thick- 
ness of  the  iris,  so  that  its  connective-tissue  stroma  is  densely 
infiltrated  with  migratory  cells.  Only  a  few  cells  can  be  seen 
in  a  healthy  membrane  ;  in  iritis,  the  interstices  of  the  iris  are 
•crowded  with  them  (compare  fig.  55  with  fig.  52),  Besides  the 
leucocytes,  many  red  corpuscles  escape  into  the  connective  tissue. 
Inflammatory  lymph  is  deposited  on  the  back  of  the  uvea,  and 
coagulated  lymph  often  occupies  the  lower  part  of  the  anterior 
chamber.  Fig.  55  is  a  photograph  of  a  section  of  an  acutely 
inflamed  iris  with  plastic  exudation. 

Plastic  iritis  diflers  markedly  from  serous  iritis,  in  that  the 
•ciliary  body  is  rarely  much,  if  at  all,  inflamed.  Unless  the 
pupil  is  dilated  by  atropine,  or  some  other  mydriatic,  this  lymph 
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becomes  organised,  and  causes  a  ]^ermcmcnt  posterior  synechia,  or 
V,  fibrous  adhesion  between  the  back  of  the  iris  and  the  capsule 
of  the  lens  (see  fig.  5C).  This  synechia  may  be  partial  or  coni- 
plete;  when  partial,  there  may  be  one  or  many  points  of  attach- 
ment,'so  that  when  atropine  is  used  the  unattached  portion  of  the 
iris  is  drawn  out,  whilst  the  attached  portion  remains  in  position,, 
giving  the  pnpil  an  irregular  outline,  which  varies  considerably 
in  different  cases  (see  fig.  10,  opposite  p.  100).  When  the  whole 
of  the  edge  of  the  pupil  is  adherent  to  the  capsule  of  the  lens, 
so  that  no  fluid  can  pass  from  behind  through  its  aperture,  the 


Fig.  55. — Plastic  Iritis.    (Fnotomicrograph  x  300.) 

L,  lymph  exudation  on  the  back  of  the  uveal  pigment  (d)  ;  c,  oouuective-tissue  stroma 
infiltrated  with  leucocytes ;  A,  anterior  surface. 

condition  is  called  total  posterior  synechia,  or  exclusion  of  the 

pupil.  It  not  unfrequently  happens  in  severe  plastic  iritis  that 
lymph  is  also  thrown  out,  so  as  to  occupy  the  area  of  the  pupil, 
there  becoming  organised  into  an  opaque  persistent  membrane, 
which  may  be  perforated  by  one  or  more  small  apertures.  This 
condition  is  termed  occlusion  of  the  pupil. 

In  cases  of  iritis  following  penetrating  wounds,  and  perforat- 
ing ulcers  of  the  cornea,  the  escape  of  the  aqueous  having  allowed 
the  iris  to  come  into  contact  with  the  cornea,  an  adhesion— an- 
terior synechia— often  takes  place  between  the  iris  and  cornea. 

o.  Iritis  suppurativa  is  characterised  by  marked  and  rapid 
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changes  in  the  iris.  The  pupil ,  is  conti-acted,  and  either 
sluggish  or  immovable.  The  tissue  of  the  iris  is  swollen,  and 
Its  colour  changed  to  a  muddy  green  or  brownish-yellow.  The 
aqueous  humour  is  at  first  slightly  turbid,  but  before  long  there, 
IS  a  collection  of  yellowish  puro-lymph  at  the  bottom  of  tlie 
anterior  chamber,  which  may  increase  so  much  as  to  occupy 
the  greater  part  of  that  cavity.  Suppurative  iritis  is  seldom 
confined  to  the  tissue  of  the  iris,  but  is  usually  either  derived 
from  or  extends  to  the  surrounding  tissues,  as  the  cornea,  the 


A  


Fig.  56. — Posterior  Synechia.    (Photomicrograph  x  75.) 

C,  cornea ;  L,  lens  capsule  separated  from  lens  in  preparation,  with  iris  attached ; 
ci,  ciliary  body  ;  A,  iritic  angle. 

ciliary  body,  the  choroid,  and  the  vitreous  (see  Panophthalmitis). 
When  not  due  to  injury,  it  is  usually  associated  with  a  low  state 
of  health. 

4.  Iritis  chronica  simplex. — The  acute  symptoms  of  plastic 
iritis  will  sometimes  subside  without  complete  resolution,  even 
under  the  most  judicious  general  and  local  treatment.  A  per- 
sistent slight  circumcorueal  injection  remains,  with  photophobia, 
impaired  vision,  and  the  presence  of  muscte  volitantes.  The 
media  do  not  clear  up  readily,  and  a  dull  aching  pain  persists  in 
the  eye.    This  condition  may  last  some  weeks,  and  is  essentially 
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a  subsidence  of  tlie  acute  into  a  cln-onic  form  of  iritis.  A  similar 
form  of  iritis,  without  the  primary  acute  stage,  is  apt  to  follow 
cataract  extraction,  the  iris  being  slowly  dragged  tipwards  to  the 
cicatrix  without  any  appreciable  evidence  of  inflammation— gwiei 
hitis. 

Iritis  tuberculosa. — A  form  of  iritis,  which  is  essentially  chronic, 
and  which  differs  chiefly  in  this  respect  from  all  other  varieties,  is 
occasionally  seen,  though,  from  the  rarity  of  its  occurrence,  it  is  liable 
to  be  overlooked  in  its  early  stages.  The  pupil  is  usually  contracted 
and  immobile.  The  iris  is  at  first  nodulated  on  its  surface,  but  even- 
tually, from  its  gradual  increase  in  thickness,  it  fills  the  anterior 
chamber  and  becomes  flush  with  the  posterior  surface  of  the  cornea. 
Its  colour  is  a  dull  brick- red,  mottled  with  grey,  and  presents  an 
appearance  of  being  very  vascular.  The  pain  and  circumcorneal 
injection  are  not  very  marked  at  first,  though  in  the  later  stages, 
owing  to  the  supervention  of  secondary  glaucoma,  the  pain  becomes 
intense  and  persistent,  in  spite  of  all  palliative  measures  ;  chemosis 
and  intense  circumcorneal  injection  accompany  this  increase  of 
tension.  It  usually  occurs  in  young  subjects.  The  diagnosis  is 
determined  by  the  chronicity  of  the  affection,  by  the  characteristic 
appearance  of  the  iris,  and  by  its  resistance  to  all  ordinary  treat- 
ment for  iritis.  Upon  making  an  antero-posterior  section  of  the 
excised  eye,  the  tubercular  appearance  of  the  iris  is  most  striking. 
It  fills  the  whole  of  the  anterior  chamber  and  moulds  itself  to  the 
shape  of  that  cavity,  becoming  adherent  to  the  cornea  in  front  and 
lens  behind.  It  presents  to  the  naked  eye  the  appearance  of  small 
white  nodules,  massed  together  and  interrupted  here  and  there  by 
the  disturbed  uveal  pigment,  giving  the  growth  the  resemblance  of 
marble,  just  as  is  seen  in  tubercular  lung.  Microscopically,  these 
nodules  present  the  characteristic  features  of  miliary  tubercle, 
central  giant-cells,  epithelioid  cells,  and  small  round  cells.  They  are 
non-vascular,  though  the  vessels  between  them  are  considerably 
enlarged  and  numerous.  The  ciliary  body  is  usually  involved,  and 
the  uveal  pigment  is  so  interrupted  that  it  would  be  difficult  to 
believe  from  the  appearance  that  it  was  ever  a  continuous  tract. 
The  presence  of  the  tubercle  bacillus  has  in  many  instances  been 
demonstrated  in  this  affection. 

Iritis  granulosa  vel  2mpidosa. — This  is  an  equally  rare  form  of 
iritic  inflammation,  and  is  only  worthy  of  mention  to  exclude  the 
possible  error  of  mistaking  it  for  tubercular  iritis.  Semitranslucent 
gelatinous-looking  granules  of  a  pale  fawn  colour  appear  on  the  front 
of  the  iris,  varying  in  size  from  -5  mm.  to  2  or  3  mm.  in  diameter. 
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They  remain  discrete,  and  disappear  in  a  week  or  fortnight's  time 
under  the  ordinary  treatment  for  iritis.  The  few  cases  that  have 
come  under  my  notice  occurred  during  attacks  of  serous  iritis 
Many  authors  designate  this  affection  'granuloma  of  iris,'  classifying 
It  under  tumours  ;  others  place  it  under  the  heading  of  tubercular 
intis,  though  its  rapid  subsidence  under  treatment  without  loss  of 
iritic  tissue,  and  the  usual  absence  of  collateral  evidence  of  tubercle 
justify  its  exclusion  from  that  class. 

Causes  of  iritis.— In  many  cases  of  either  serous  or  plastic 
iritis  it  is  quite  impossible  to  trace  any  cause  M'hatever. 

^  Plastic  intis  may  be  brought  about  by  some  constitutional 
tamt,  as  syphilis,  rheumatism,  gout,  or  even  in  rare  instances  by 
diabetes.  It  occurs  sometimes  during  an  attack  of  one  of  the 
exanthemata.  Injuries  or  operations,  as  iridectomy,  cataract 
extraction,  or  needling  a  lens  or  opaque  capsule,  may  start  an 
attack  of  acute  plastic  iritis.  It  may  come  as  a  secondary 
trouble  following  purulent  ophthalmia,  severe  corneal  ulceration, 
interstitial  keratitis,  choroiditis,  &c.  (secondary  iritis).  Plastic 
iritis  is  liable  to  occur  in  those  suffering  from  gonorrhoeal  rheu- 
matism. 

Serous  irido-cyclitis  may  be  due  to  syiDhilis.  It  is  the  form 
of  inflammation  assumed  in  sympathetic  ophthalmitis.  This 
form  may  at  any  time  take  on  a  plastic  nature. 

8u23imrative  iritis  is  in  the  majority  of  instances,  if  not  in  all, 
due  to  the  entrance  of  septic  material  into  the  interior  of  the  eye- 
ball. It  may  follow  penetrating  wounds  of  the  cornea,  either 
accidental  or  operative,  and  suppurating  corneal  ulcers,  especially 
/  those  due  to  purulent  ophthalmia.  A  low  state  of  health  is  a 
powerful  predisposing  cause.  A  common  and  typical  example 
may  be  cited  of  a  mother,  suckling  her  child  twelve,  fifteen,  or 
more  months  old,  receiving  a  scratch  on  the  cornea  from  the 
child's  finger-nail.  A  septic  ulcer  of  the  cornea  ensues,  followed 
by  suppurative  iritis,  panophthalmitis,  and  complete  destruction 
of  the  eyeball.  Certain  other  causes,  more  uncommon,  may  be 
mentioned,  as  variola,  puerperal  fever,  pyemia,  and  ulcerative 
endocarditis  ;  the  majority  of  these  act  by  metastasis. 

Tuhercidar  intis  is  dependent  upon  the  entrance  of  the  infec- 
tive bacillus  into  the  general  system,  the  iris  forming  in  such 
cases  a  suitable  nidus  for  its  development.    Granular  intis  is  in 
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many  instances  traceable  to  syphilis,  but  is  quite  distinct  from 

g-umma  of  the  iris. 

Iritis  is  more  common  in  adults  than  in  young  subjects. 
When  observed  in  children  under  ten  years  of  age,  it  is  almost 
invariably  due  to  an  injury,  to  inflammation  or  ulcer  of  the 
cornea,  or  to  inherited  sypMlis.  It  may  even  occur  in 
utero. 

The  comjjlications  that  may  arise  during  an  attack  of  iritis 
are  not  many,  though  important.  Synechice,  anterior  and 
posterior,  may  occur  :  the  former  are  almost  invariably  the  result 
of  a  perforating  wound  or  iilcer  of  the  cornea — in  rare  instances 
they  may  be  due  to  tubercular  or  gummatous  deposits  on  the 
fVont  of  the  iris;  the  latter  (posterior  synechite)  may  arise 
from  not  dilating  the  pupil  early  in  an  attack  of  plastic  iritis  : 
exclusion  and  occlusion  are  the  more  serious  forms.  Exten- 
sion of  inflammation,  cyclitis  or  choroiditis,  may  supervene.  The 
former,  as  has  already  been  stated,  always  exists  in  conjunc- 
tion with  serous  iritis.  In  suppurative  iritis,  cyclitis  and  cho- 
roiditis, as  a  rule,  exist;  in  plastic  iritis  they  are  exceptional 
complications.  Secondary  glaucoma  is  liable  to  occur  during  an 
attack  of  serous  iritis,  or  in  cases  of  total  posterior  synechia. 
Lastly,  the  inflammation  may  lapse  into  chronic  iritis. 

The  prognosis  of  iritis,  if  seen  early,  is,  in  the  majority  of 
instances,  good.  Syphilitic  iritis  almost  invariably  subsides 
under  judicious  treatment  without  much,  if  any,  deterioration  in 
vision.  Kheumatic  iritis  is  less  amenable  to  treatment,  and 
liable  to  recur ;  in  fact,  this  is  its  chief  characteristic  featui'e. 
Extensive  synechia,  especially  exclusion  or  occlusion  of  the  pupil, 
are  gi-ave  conditions,  and  liable  to  be  complicated  with  secondary 
glaucoma ;  the  latter  (occlusion)  is  attended  with  complete  loss 
of  vision  save  perception  of  light.  Operative  measures  in  such 
cases  are  alone  attended  with  any  success ;  the  result  may  be 
very  decided,  or,  on  the  other  hand,  if  the  condition  has  existed 
for  years,  much  improvement  cannot  be  entertained.  Should 
the  tension  be  subnormal,  operative  treatment  is  contra-indicated. 
Serous  irido-cyclitis,  if  not  due  to  sympathetic  trouble,  subsides 
fairly  readily,  and  with  favourable  results,  though  unrelieved 
tension  may  be  the  cause  of  glaucoma  cupping,  with  atrophy 
of  the  optic  disc,  attended  with  partial  or  complete  loss  of  sight- 
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Sympathebic  irido-cyclitis  and  tubercular  iritis  are  most  serious  • 
m  the  former,  little  hope  of  sight  can  be  hoped  for,  and  in  the 
latter  enucleation  is  imperative.  Suppurative  iritis  rarely 
exists  as  a  local  affection,  and  consequently  the  prognosis  in 
these  cases  is  also  unfavourable. 

The  treatment  of  iritis  depends  to  a  certain  extent  upon  the 
cause  and  kind  to  be  dealt  with.  There  are,  however,  certain 
important  points  in  all  cases  which  require  strict  attention  ; 
they  are  as  follows  :  ' 

1 .  To  dilate  the  pupil. 

2.  To  relieve  pain  and  congestion. 

3.  To  treat  any  constitutional  dyscrasia,  and  attend  to  the 
general  health. 

4.  To  subdue  any  increase  in  the  intra-ocular  tension. 

5.  To  combat  complications  and  sequelae. 

1 .  Dilatation  of  the  puioil  is  of  paramount  importance,  and 
should  be  done  immediately  the  condition  is  recognised.  The 
object  of  this  is  to  prevent  the  formation  of  plastic  adhesions  to 
the  lens  or  to  break  them  down  if  recent,  to  keep  the  inflamed  iris 
at  rest  by  paralysing  the  sphincter  pupillas,  and,  by  contracting 
the  iritic  blood-vessels,  to  diminish  the  amount  of  plastic  exuda- 
tion. The  best  mydriatic  is  undoubtedly  atropine  sulphate, 
and  should  be  used  in  the  form  of  drops  (1  per  cent,  solution) 
instilled  into  the  palpebral  sac  every  three  or  four  hours,  or  as 
an  ointment  (P.  35)  introduced  between  the  lids.  This  causes 
the  widest  possible  dilatation  of  the  pupil,  and,  by  keeping  the 
pupillary  edge  of  the  iris  away  from  the  capsule  of  the  lens, 
prevents  the  formation  of  posterior  synechias.  If  adhesions  have 
already  formed  and  are  recent,  it  is  a  good  plan  to  use  atropine 
every  hour  for  six  consecutive  hours ;  this  treatment  is  likely  to 
break  them  down,  leaving  perhaps  a  few  dots,  or  a  ring  of  pig- 
mented lymph  upon  the  capsule,  which,  however,  may  partially 
or  entirely  disappear.  Dots  of  pigment  seen  on  the  capsule  of 
the  lens  are  always  indicative  of  previous  iritis.  If  the  adhesions 
are  of  sufficient  age  to  have  become  firmly  organised,  the  atro- 
pine will  not  break  them  down ;  but  it  will  still  cause  dilatation 
of  any  part  of  the  pupil  that  may  be  unattached,  and  so  prevent 
further  complication  of  this  kind. 
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In  using  atropine,  it  must  be  remembered  that  the  ciliary  muscle 
is  temporaSly  paralysed,  and  that  near  vision  is  therefore  greatly 
impaired  for  the  time.  Again,  the  use  of  this  drug  occasionally 
crives  rise  to  what  is  called  atropine  irritation  or  even  atropine 
poisoning.  The  former  consists  of  irritable  conjunctivitis,  and  of 
swelling  and  erythema  of  the  skin  of  the  eyelids  and  surrounding 
region."  In  some  cases  it  is  very  severe.  I  have  a  patient  under 
my  care,  in  whom  a  single  application  of  atropine  is  sufficient  to  set 
up  violent  pain  in  the  eyes,  with  photophobia,  intense  injection  of 
the  conjunctiva,  with  chemosis,  great  redness,  swelling,  and  a  vesicular 
eruption  of  the  skin  of  the  eyelids,  cheeks,  and  forehead.  When 
this  complication  arises,  the  atropine  must  at  once  be  stopped,  and 
some  other  mydriatic  substituted.  For  this  purpose  a  |  per  cent, 
solution  of  duboisin,  or  a  5  per  cent,  solution  of  hyoscyamine, 
should  be  tried  with  caution.  Patients  who  cannot  tolerate  atropine 
are  in  some  cases  also  unable  to  withstand  the  action  of  these  agents, 
although  as  a  rule  these  are  less  irritating  than  atropine.  Atropine 
poisoning  is  recognised  by  heat  and  dryness  in  the  mouth  and 
throat,  difficulty  in  swallowing,  thirst,  and  loss  of  appetite.  The 
face  becomes  hot  and  flushed,  and  the  patient  has  a  strange  noisy 
manner ;  he  may  be  delirious  or  have  convulsions.  Should  such 
symptoms  present  themselves,  the  atropine  should  be  stopped  for  a 
few  days  and  stimulants  be  given  along  with  a  hypodermic  injection 
of  pilocarpin  (half  a  grain)  or  morphia  (quarter  of  a  grain). 

2.  To  relieve  pain  and  congestion. — One  of  the  best  methods 
we  possess  of  doing  this  is  by  the  alternate  application  of  moist 
and  dry  heat.  For  this  purpose,  let  the  eye  be  bathed  every 
few  hours  with  hot  water,  and  then  apply  a  large  pad  of  hot  dry 
cotton-wool  to  the  closed  eyelids  and  keep  it  there  until  the 
next  fomentation.  The  wool  is  easily  made  hot  by  contact  with 
the  outside  of  a  can  of  boiling  water.  The  dry  hot  wool  alone 
is  also  very  comforting  and  beneficial.  Belladonna  or  poppy- 
head  fomentations  (F.  37)  should  be  applied  in  cases  of  suppu- 
rative iritis,  and  changed  every  two  or  three  hours.  The  atropine 
which  has  been  used  for  dilating  the  pupil  is  also  a  sedative, 
and  will  help  to  relieve  the  pain.  The  eye  should  be  shaded 
from  the  light,  and  on  no  account  should  caustic  applications  be 
applied  to  the  conjunctiva  or  powerful  astringent  lotions,  as 
sulphate  of  zinc,  used.  Cocaine  can  be  suitably  combined  with 
atropine  ;  it  further  assists  the  sedative  effect  of  the  latter  druff  ; 
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it  is  a  yaso-constrictor  and  a  mydriatic  ;  the  latter  action,  how- 
ever, IS  msignifacant  compared  with  atropine.  The  use  of  several 
leeches  applied  to  the  temple,  eyelids,  or  malar  eminence  or 
the  application  of  Heurteloup's  artificial  leech  to  the  temple 
often  gives  relief.  Heurteloup's  artificial  leech  consists  of  a  sharp 

cylindrical  drill,  and  a  glass  exhausting- 
tube  with  an  air-tight  piston  (see  fig.  57). 
The  drill  can  be  set  at  any  depth  by  means 
of  a  screw.  It  is  applied  to  the  temple, 
the  hair  having  been  previously  shaved  ofi' 
from  a  space  suflficiently  large  to  accom- 
modate the  end  of  the  cylinder.  The 
blade,  being  set  at  a  depth  sufiicient  to 

  penetrate  the  skin,  is  firmly  applied  to 

FiG.57.-Ai-tificialLeech.         temple,  and  the  incision  made  by 

rotating  the  upper  knob;  this  done, 
and  the  cutter  being  withdrawn,  the  exhaustion  is  effected  by 
gradually  rotating  the  screw.  The  cyHnder  holds  about  an 
ounce  of  blood,  and  ought  to  fill  in  the  course  of  five  minutes. 
Light  should  be  excluded  from  the  eye  for  about  twelve  hours 
after  the  use  of  the  artificial  leech.  In  lieu  of  ordinary  leeches 
or  the  artificial  one,  wet  cupping  may  be  performed  over  the 
temple  by  making  a  few  small  cutaneous  incisions  and  apply- 
ing a  small  glass  cup  from  which  the  air  has  been  exhausted  in 
the^  usual  manner.  Alcoholic  stimulants  of  all  kinds  should  be 
avoided  during  iritis. 

Another  important  aid  in  the  relief  of  pain  and  congestion 
is  the  operation  of  paracentesis  of  the  anterior  chamber  (see  p.  113). 
Tliis  simple  proceeding  will  often  give  immediate  relief  when  other 
methods  are  only  partially  successful.  It  is  never  attended  by 
bad  results,  and  its  value  should  not  be  overlooked,  especially 
when  other  means  have  failed,  and  the  aqueous  humour  is  turbid 
or  contains  puro-lymph.  After  the  operation  has  been  per- 
formed, the  wound  should  be  prevented  from  healing  for  a  few 
days  by  the  introduction  of  a  small  blunt  probe  (fig.  39)  between 
the  lips  of  the  wound. 

In  iritis  resulting  from  injury,  when  seen  in  the  early  stage, 
the  continuous  application  of  cold  to  the  closed  eyelids,  by  means 
of  lint  dipped  in  iced  water,  is  the  best  means  of  allaying  in- 
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flammation ;  this  sliould  be  combined  with  atropine  and  the  use 
of  leeches. 

3.  General  treatment  is  also  of  great  importance.  It  is 
advisable  in  all  cases  of  acute  plastic  iritis  to  give  a  brisk  purge 
at  the  onset.  Calomel  along  with  colocynth  and  hyoscyamus  as 
a  pill,  or  the  former  as  a  powder,  should  be  given  at  night,  fol- 
lowed by  a  saline  purge  in  the  morning.  Sleep  is  most  essential : 
it  a-ives  rest  to  the  eye  as  well  as  relief  from  pain.  It  may  be 
procured  by  administering  at  night  a  bromide  of  potassium  and 
chloral  hydrate  draught,  or  morphia  by  the  mouth  or  hypo- 
dermically.  Plethoric  subjects,  besides  requiring  leeches  and 
the  initial  purge,  need  a  daily  dose  of  mercury — two  grains  of 
blue  pill  every  night,  followed  by  a  slight  saline  draught  each 
morning  for  three  or  four  days.  Diaphoresis  by  hot-air  baths, 
Turkish  baths,  or  by  drugs  such  as  Dover's  powder,  &c.,  is 
exceedingly  valuable  in  treating  these  patients  ;  especially  if 
the  inflammation  be  due  to  gonorrhoea!  or  simple  chronic 
rheumatism.  Depletory  treatment  is  contra-indicated  in  angemic 
and  weakly  individuals,  and  in  those  suffering  from  suppurative 
iritis ;  leeches  should  not  be  used ;  and  after  the  first  purge, 
tonics,  as  bark  and  ammonia,  good  fresh  air,  and  a  supporting 
and  nourishing  diet,  ai'e  to  be  recommended. 

When  sijiohilis  is  found  to  be  the  cause  of  the  iritis,  the 
general  disease  must  be  rigorously  treated  in  addition  to  the 
local  affection.  Mercury  should  be  given  daily  in  conjunction 
with  iodide  of  potassium,  and  the  usual  precautions  adopted — viz. 
avoidance  of  malt  liquors  and  fruit,  protection  against  chills,  and 
flannel  worn  next  to  the  skin.  The  mercury  must  be  stopped 
if  the  gums  become  spongy,  the  mouth  sore,  and  salivation 
excessive. 

In  the  rheumatic  form,  salicin  or  salicylate  of  soda  should  be 
given.  Iodide  of  potassium  is  sometimes  very  useful.  Turkish 
baths  are  of  great  service.  The  pain  in  gouty  iritis  is  some- 
times completely  relieved  by  colchicum  ;  at  other  times  the  drug 
appears  quite  inert.  The  constitution  should  be  treated  upon 
proper  dietetic  principles. 

Tubercular  iritis  is  rarely  amenable  to  any  local  or  constitu- 
tional treatment ;  and  as  it  forms  a  centre  for  the  dissemination 
of  tubercular  matter,  it  should  be  treated  by  prompt  excision. 
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If  tubercular  changes  exist  elsewhere,  an  attempt  might  be 
made  to  save  the  eye,  though  the  precipitation  of  acute  glau- 
coma  will  necessitate  its  removal. 

4.  To  diminish  any  increase  in  tension  is  very  necessary  in 
serous  n^itis  (irido-cyclitis).  If  it  is  raised,  the  atropine  must 
be  discontinued,  and  either  replaced  by  the  use  of  eserine  drops 
(i  per  cent.),  by  paracentesis,  or  by  iridectomy.  The  former  of 
the  two  operations  is  often  performed  in  suppurative  iritis  to 
relieve  tension  and  to  evacuate  pus  from  the  anterior  chamber. 
The  only  other  form  of  iritis  likely  to  be  attended  with  glauco- 
matous symptoms  is  tubercular  iritis,  the  treatment  of  which  has 
already  been  discussed. 

5.  The  treatment  of  complications  and  sequelae. —'For  chronic 
iritis  iridectomy  is  the  most  reliable  remedy ;  but,  before  resort- 
ing to  operative  measures,  a  sufficient  length  of  time  should  be  ex- 
pended in  the  trial  of  milder  means,  such  as  change  of  air,  parti- 
cular attention  to  regular  habits,  an  improvement  of  the  general 
health  by  tonics,  and  by  changing  the  mydriatic  or  stopping  its 
use  altogether.  Iridectomy  should  be,  if  possible,  done  upwards  ; 
it  is  usually  followed  by  subsidence  of  all  inflammatory  signs 
and  relief  from  pain. 

When  posterior  synecMae  have  formed,  the  number  and 
extent  of  the  adhesions  will  be  shown  by  the  effect  of  a  1  per 
cent,  solution  of  atropine  dropped  into  the  palpebral  aperture. 
If  only  one  or  two  points  of  attachment  exist,  they  may  be  left 
alone  and  disregarded  so  long  as  the  eye  remains  quiet ;  but 
should  they  be  found  to  cause  recurrent  inflammatory  attacks 
something  must  be  done  in  the  way  of  operative  procedure.  By 
most  ophthalmic  surgeons  such  cases  are  treated  by  iridectomy, 
but  some  operators  prefer  to  detach  the  adherent  portion  of  the 
iris  from  the  capsule  of  the  lens.  This  may  be  done  either  by 
the  method  of  Passavant,  or  by  that  of  Streatfeild. 

Passavant's  method  consists  in  making  an  incision  in  the 
periphery  of  that  part  of  the  cornea  which  is  in  front  of  the 
synechia,  seizing  with  forceps  and  drawing  outwards  the  attached 
portion  of  the  iris ;  the  internal  margin  of  the  iris  being  thus 
set  free,  it  is  released  from  the  forceps  and  the  latter  withdrawn 
from  the  wound.    In  this  method  the  capsule  of  the  lens 
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is  not  touched,  so  that  it  is  not  likely  to  be  wounded  by  the 

forceps.  . 

Streatfeild's  method  (corelysis)  consists  m  making  a  punc- 
ture in  the  cornea  with  a  broad  needle,  on  the  side  opposite  to 
the  principal  adhesion,  and  then  passing  a  Streatfeild's  hooked 
spatula  through  the  wound  into  the  anterior  chamber  across 
the  pupil,  and  between  the  iris  and  lens,  taking  care  to  direct 
the  blunt  end  of  the  instrument  away  from  the  latter,  and  far 
enough  beneath  the  iris  to  be  able,  by  lateral  movements  and 
traction,  to  lift  the  iris  away  from  the  capsule,  and  so  to  break 
down  the  adhesion. 

The  after-treatment  of  both  these  operations  consists  in  the 
use  of  atropine,  with  a  light  pad  and  a  bandage,  keeping  the  eye 
closed  for  ten  days. 

When  extensive  synechiae,  or  total  posterior  synechia,  with  or 
without  occlusion  of  the  pupil,  are  found  to  exist  during  or  after 
an  attack  of  iritis,  their  presence  must  be  regarded  as  anta- 
gonistic to  the  welfare  of  the  eye.  By  the  dragging  and  limited 
movement  thus  imposed  upon  the  iris,  and  by  the  obstruction 
constantly  offered  to  the  circulation  of  the  intra-ocular  fluids 
through  their  ordinary  channel,  the  pupil,  they  are  sure  at  some 
time  to  set  up  further  trouble.  This  may  appear  in  the  form  of 
recurrent  inflammation,  which  often  extends  from  the  iris  to  the 
ciliary  body  and  the  choroid,  or  it  may  manifest  itself  by  in- 
creased tension  of  the  globe,  either  with  or  without  these  in- 
flammations— secondary  glaucoma.  After  this  condition  has 
existed  for  some  time,  the  periphery  of  the  iris  will  be  observed 
to  bulge  forwards,  whilst  its  pupillary  margin  is  bound  down  to 
the  lens — iris  hombe.  This  is  caused  by  the  pressure  of  the  fluifl. 
which  is  pent  up  behind  the  iris.  Every  possible  effort  must 
therefore  be  made  to  remove  these  adhesions,  and  to  establish 
the  circulation  of  the  aqueous  humour  through  the  pupil.  In 
the  first  place,  by  the  use  of  strong  mydriatics,  such  as  atropine, 
and  by  the  treatment  of  constitutional  symptoms,  much  breaking 
down  and  re-absorption  of  the  plastic  exudation  may  sometimes 
be  accomplished.  If  these  means  fail  to  liberate  the  iris  from 
its  adhesive  bonds,  the  next  step  is  to  perform  a  free  iridectomy 
without  further  delay.  This  should  be  done  whether  chronic 
recurrent  iritis  be  present  or  not.    The  position  of  the  section 
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of  the  iris  must  depend  upon  the  condition  of  the  pupil ;  if  this 
be  occluded,  the  iridectomy  should  be  made  downwards  and 
inwards,  so  as  to  give  an  artificial  pupil ;  if  the  pupil  be  tolerably- 
clear,  the  section  may  be  made  upwards.  V'on  Graefe  found 
this  operation  to  be  of  the  greatest  service,  not  only  in  the 
reduction  of  inflammation  and  intra-ocular  tension,  but  in  the 
improvement  of  vision,  and  in  the  prevention  of  recurrent 
attacks.  His  experience  has  been  fully  confirmed  by  others,  and 
his  practice  is  now  generally  adopted,  with  the  best  results. 

Cyclitis. — Inflammation  of  the  ciliaiy  body  is  rarely  found 
to  exist  without  a  similar  condition  of  either  the  iris  or  the 
choroid,  or  both. 

When  cyclitis  occurs  without  iritis,  it  is  only  in  a  chronic 
form,  and  is  unattended  by  severe  inflammatory  symptoms ;  the 
pupil  is  slightly  enlarged,  the  iris  appears  normal,  there  is  but 
little  circumcorneal  redness.  The  chief  signs  are  punctate 
keratitis,  cloudiness  of  the  vitreous  with  corresponding  loss  of 
visual  acuteness. 

Irido- cyclitis. — ^When  cyclitis  is  present  with  iritis,  we  find 
intense  injection  of  the  vessels  in  the  circumcorneal  zone  of  the 
sclerotic  and  episcleral  tissues.  The  aqueous  humour  is  turbid, 
and  presents  flocculi  of  lymph  ;  sometimes  flakes  of  pus,  and 
even  of  blood,  may  be  seen  in  the  anterior  chamber.  On 
making  slight  digital  pressure  through  the  closed  eyelids,  we 
find  the  ciliary  region  to  be  intensely  tender.  The  vision  is 
always  impaired.  If  we  try  to  explore  the  fundus  oculi  by 
means  of  the  ophthalmoscope,  after  dilatation  of  the  pupil  by 
atropine,  it  is  impossible  to  gain  any  definite  outline  of  the 
optic  disc  or  of  the  vessels  of  the  retina.  This  obscurity  is  due 
in  the  first  place  to  the  turbidity  of  the  aqueous  already  men- 
tioned ;  and  secondly  to  a  similar  condition  of  the  vitreous,  in 
which  floating  opacities  can  often  be  seen.  Keratitis  punctata 
(p.  99)  is  always  present,  and  constitutes  one  of  the  chief  signs 
of  cyclitis.  After  cyclitis  has  existed  for  some  time,  the  sclerotic 
becomes  thinned,  and  allows  the  dark  colour  of  the  ciliary  body 
to  be  seen  through  it ;  whilst,  owing  to  the  diminished  resistance 
which  it  ofiers  to  the  intra-ocular  pressure,  it  sometimes  bulges, 
formino-  a  ciliary  staphyloma,  and  the  globe  becomes  softened. 

The  appearance  of  the  healthy  choroid  must  be  carefully 
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Studied  before  we  can  properly  appreciate  the  localised  in- 
flammatory and  other  changes  which  occur  in  the  course  of  the 
diseases  of  that  part  of  the  eye. 

We  have  seen  (p.  158)  that  the  choroid  consists  from  within 
outwards  of  five  layers  of  structure,  which,  for  convenience  of 
description,  are  cailed  (1)  the  lamina  vitrea,  (2)  the  chorio- 
capillaris,  (3)  the  lamina  vasculosa,  (4)  the  lamina  supra- 
choroidea,  and  (5)  the  lamina  fusca. 

Now  the  colour  of  the  fundus  oculi,  which  is  seen  by  re- 
flected light  when  we  use  the  ophthalmoscope,  is  due  to  two 
chief  causes— viz.  the  hlood  contained  in  the  chorio-capillaris 
and  lamina  vasculosa  and  the  pigment-granules  contained  in  the 
cells  of  the  uvea,  and  in  the  interstices  of  the  vascular  layer, 
besides  the  lamina  fusca  and  lamina  suprachoroidea. 

When  this  pigment  is  altogether  absent,  as  in  the  case  of 
albinos,  we  get  a  light  yellowish-red  colour,  reflected  from  the 
blood  within  the  capillaries  ;  whilst  the  interstices  between  the 
latter  are  seen  to  be  of  a  lighter,  almost  white,  appearance, 
owing  to  the  reflection  from  the  sclerotic  beyond  the  lamina 
fusca,  and  thus  a  fairly  well-defined  outline  of  the  choroidal 
vessels  is  obtained. 

In  fair  persons,  where  the  pigment-granules  contained 
within  the  cells  are  only  of  a  faintly  brown  colour,  the  fundus 
has  a  yellowish-red  colour,  and  the  vessels  of  the  choroid  can 
often  be  seen,  although  less  distinctly  than  in  albinos. 

In  moderately  darh  persons  this  pigment  becomes  of  a 
deeper  brown,  and  the  fundus  presents  a  light  brownish-red 
colour,  no  choroidal  vessels  being  seen  (see  figs.  1  and  2,  on  the 
opposite  page).  In  very  dark  persons  the  brown  tint  becomes 
more  predominant,  at  the  expense  of  the  yellowish-red,  and  a 
network  of  red  vessels  is  seen  upon  a  da.rk  background  (choroid 
Ugre). 

In  negroes,  and  all  darh  races,  the  pigment  is  so  abundant  as 
to  prevent  the  appearance  of  almost  all  red  reflex  from  the  choroid, 
the  fundus  assuming  a  brownish-grey,  or  even  slate  colour. 

The  colour  of  the  fundus  varies  very  much  with  the  inten- 
sity and  colour  of  the  light  used,  and  with  the  state  of  dilata- 
tion of  the  pupil.  It  is  brighter,  cceteris  paribus,  in  proportion 
to  the  number  of  rays  of  light  that  can  be  thrown  into  the  eye. 

"NT 
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Choroiditis. — Inflammation  of , the  choroid  is  accompanied  by 
infiltration  and  exudation,  which  may  be  re-absorbed  with  oi- 
without  atrophic  changes,  or  may  pass  into  the  stage  of  sup- 
puration. If  the  morbid  process  is  limited  to  the  choroid  proper 
it  is  frequently  unattended  by  external  signs  of  inflammation, 
being  recognised  chiefly  by  visual  troubles  and  ophthalmoscopic 
appearances.  When  the  other  portions  of  the  uveal  tract — the 
ciliary  body  and  iris — are  involved  in  the  process,  as  is  usuallj^ 
the  case  in  acute  and  suppurative  forms,  the  external  signs  of 
these  inflammations  are  always  present.  Three  chief  kinds  of 
choroiditis  may  be  conveniently  classified — viz.  :  I.  Plastic  or 
Exudative.    II.  Suppurative.    III.  Irido-choroiditis. 

I.  Plastic  or  Exudative  Choroiditis  is  the  most  common 
form,  and  presents  itself  under  several  forms,  the  symptoms  vary- 
ing with  the  extent  of  the  area  affected  and  with  its  position  with 
regard  to  the  yellow  spot  region.    When  unattended  with  cyclitis 
or  iritis,  there  are  no  external  signs  of  the  disease,  the  circum- 
corneal  zone  is  not  injected,  the  cornea  is  clear  and  free  from 
keratitis  punctata,  the  pupil  is  normal  in  shape  and  colour  and 
responds  to  light.    Subjedive  symptoms  are  usually  the  earlier 
and  more  important  indications  of  the  disease.    The  patient 
complains  of  seeing   lights  of  a  pale-blue  or  red  colour — 
phosphenes — at  night,  when  in  bed  and  the  eyes  are  closed  and 
the  room  dark.    In  the  daylight  he  sees  large  floating  specks, 
especially  when  looking  at  a  white  object  such  as  a  sheet  of 
paper  ;  these  are  larger  than  the  ordinary  muscas  volitantes,  and 
tend  to  obscure  the  vision  by  settling  upon  one  portion  of  the 
paper  looked  at.     Distortion  of   outline   of  objects — meta- 
morphopsia — is  also  a  characteristic  feature,  especially  when 
the  exudative  change  is  situated  in  the  macular  region;  if 
parallel  straight  lines  are  held  in  front  of  the  eye,  they  will 
appear  to  be  curved  in  various  ways.    On  carefully  testing  the 
visual  field  by  means  of  the  perimeter,  it  will  be  found  that  its 
whole  area  is  not  intact,  but  that,  according  to  the  position  and 
extent  of  the  disease,  there  will  be  small  and  large  areas  in 
which  vision  is  either  defective  or  altogether  absent— reWwe 
or  aUolute  scotomata.     The  light-sense  is    also  appreciably 
diminished  in  choroiditis,  especially  when  there  is  cloudiness  of 
the  vitreous.    In  many  cases  the  patient  will  complain  of  a  dull 
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aching  pain  at  the  back  of  the  eyes,  but  this  symptom  is  never 
pronounced  and  may  not  be  noticed. 

Ophthalmoscopic  signs. — Recent  patches  of  choroiditis  appear 
as  yellowish  ill-defined  areas  lying  beneath  the  retinal  vessels 
upon  and  in  the  red  background  of  the  choroid.  This  yellow 
exudation  may  entirely  disappear  after  some  weeks.  In  rare 
cases,  and  under  proper  treatment,  it  leaves  the  choroid  intact ; 
but  more  commonly,  as  it  disappears  the  affected  area  is  found  to 
be  more  or  less  atrophic,  occupied  by  partly  cicatrised  connective 
tissue,  through  which  the  sclerotic  can  be  seen,  and  having  a 
glistening  white  appearance.  The  pigment  is  found  to  be  much 
disturbed,  being  massed  up  either  at  the  edge  or  within  the 
area  of  the  patches.  Fig.  1,  opposite  p.  179,  represents  a  case  in 
which  the  patches  present  this  characteristic  appearance  ;  whilst 
fig.  2  shows  a  more  advanced  case  of  the  same  disease.  It  is 
not  uncommon  to  find  both  old  and  recent  patches  in  the  same 
eye.  The  inflammation  does  not  limit  itself  to  the  choroid,  but 
usually  attacks  the  adjacent  retina ;  indeed,  the  exudation  often 
extends  quite  through  the  retina  and  into  the  vitreous,  in  front 
of  each  patch.  The  vitreous  is  therefore  often  in  a  cloudy  con- 
dition owing  to  the  presence  of  fine  opacities.  This  is  more 
particularly  the  case  in  syphilitic  choroido-retinitis.  The  nebulous 
condition  of  the  vitreous  not  only  interferes  with  the  patient's 
vision,  but  prevents  the  details  of  the  fundus  from  being  clearly 
made  out  with  the  ophthalmoscope ;  the  existence  of  cloudiness 
of  the  vitreous  is  therefore  always  suggestive  of  choroiditis  being 
present,  although  hyalitis  without  choroiditis  is  sometimes  found. 
Exudative  choroiditis  runs  a  chronic  course  ;  its  worst  feature  is 
a  tendency  to  recurrence.  Many  cases  are  so  chronic  that  they 
extend  over  years  without  perceptible  change  ;  whilst  others 
present  new  spots  of  exudation  from  time  to  time  until  the 
choroid  is  ultimately  covered  with  large  and  small  atrophic 
patches.  In  bad  cases  the  optic  nerve  and  retina  are  involved 
in  the  process,  and  partial  or  total  blindness  results. 

Ga^cses.— The  most  common  cause  is  syphilis,  inherited  or 
acquired.  Many  chronic  cases  occur  in  which  no  definite  cause 
can  be  assigned.  Exceptionally,  choroiditis  is  associated  with 
malnutrition,  scrofula,  chlorosis,  and  anemia.  It  is  often 
associated  with  a  high  degree  of  myopia,  but  in  this  case  there 
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is  but  little  exudation :  the  change  seems  to  be  more  like 
atrophic  degeneration. 

Pathology. — When  a  recent  patch  is  examined  microscopic- 
ally, we  find  a  cluster  of  round  and  fusiform  cells  in  the  region 
of  the  lamina  vitrea  and  the  chorio-capillaris.  The  pigment- 
layer  is  then  unaffected.  As  the  disease  progresses,  the  cells  of 
the  pigment-layer  begin  to  proliferate,  and  the  part  which  is 
immediately  opposite  to  the  patch  becomes  absorbed,  giving  it 
a  white  appearance ;  the  pigment  becomes  accumulated  at  the 
edges  of  the  patch,  and  the  inflammation  extends  to  the  layer  of 
rods  and  cones,  and  the  outer  granular  layer  of  the  retina.  Later 
on,  this  inflammatory  deposit  becomes  absorbed,  and  gives  place 
to  cicatricial  tissue ;  but  the  structures  involved — viz.  the  outer 
granular  layer,  the  rods  and  cones,  the  uveal  tract,  and  the 
vessels  of  the  choroid — are  found  to  be  destroyed,  and  their  place 
occupied  by  this  new  cicatricial  tissue. 

Varieties. — Many  different  kinds  of  exudative  choroiditis  are 
found.  The  following  may  be  mentioned  as  those  more  fre- 
quently met  with:  (1)  Disseminated;  (2)  Central;  (3)  Peripheral; 
(i)  Diffuse  exudative ;  (5)  Myopic. 

(1)  Disseminated  choroiditis  consists  of  numerous  round  or 
irregular  spots  scattered  over  the  fundus  (fig.  1,  p.  179).  These 
exudations  may  be  of  the  same  or  of  different  ages,  and  they 
may  finally  become  confluent,  involving  the  whole  or  greater 
part  of  the  fundus.  The  optic  nerve  may  be  involved  in  the 
process,  in  which  case  it  becomes  first  hyperasmic  and  finally 
atrophic.  This  form  of  choroiditis  may  easily  be  mistaken  for  a 
peculiar  condition  of  the  choroid,  first  described  by  Mr.  Waren 
Tay  as  guttate  choroiditis.  This  consists  of  non-pigmented, 
disseminated,  yellowish  spots,  occurring  chiefly  in  the  macular 
region  of  the  choroid.  They  appear  to  be  quite  stationary,  and 
in  many  cases  they  do  not  affect  either  direct  or  indirect  vision. 

(2)  Central  choroiditis  consists  of  exudation  in  the  macular 
region,  forming  a  small  or  large  irregular,  more  or  less  circular, 
patch,  with  considerable  pigmentation.  Vision  is  much  deterio- 
rated, and  a  large  central  scotoma  is  present.  In  old  people,  a 
well-defined  atrophic  change,  without  much  pigmentation  or 
previous  exudation,  is  not  uncommon.  In  such  cases  the  fenes- 
trated arrangement  of  the  choroidal  vessels  is  clearly  seen. 
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(8)  Ferijyheral,  or  anterior  choroiditis  is  that  form  in  which 
the  central  portions  of  the  choroid  are  unaffected,  whilst  the 
peripheral  parts  are  interspersed  with  the  diseased  patches. 
Owino-  to  the  outlying  position  of  the  lesion,  the  direct  and 
ordinary  vision  is  but  little  disturbed,  and  the  disease  may  on 
this  account  be  easily  overlooked  unless  the  peripheral  portions 
of  the  fundus  are  carefully  examined  with  the  ophthalmoscope. 

(4)  Disuse  exudative  choroiditis,  extending  over  the  whole 
fundus,  is  sometimes  associated  with  syphilis.  Although  the  whole 
choroid  is  affected,  yet  the  deposit  of  lymph  appears  to  assume 
the  form  of  circumscribed  patches,  varying  somewhat  in  tint 
from  a  yellowish-red  to  white,  with  pigmentation  according  to 
the  stage  of  the  affection.  It  is  always  more  or  less  obscured 
from  view  by  the  presence  of  fine  '  dust-like '  opacity  of  the 
vitreous,  and  not  unfrequently  large  membranous,  floating 
opacities  of  the  vitreous  are  present.  The  vitreous  and  the 
retina  may  ultimately  become  clear,  and  then  the  ophthalmo- 
scope reveals  more  definitely  the  large  atrophic  patches  in  which 
masses  of  pigment  are  here  and  there  distributed.  Such  cases, 
when  they  have  arrived  at  an  advanced  stage,  are  often  difficult 
to  distinguish  from  retinitis  pigmentosa  (see  Retinitis),  for  the 
retinitis  secondary  to  syphilitic  choroiditis  tends  to  simulate  that 
disease.  Peripheral  retinal  pigmentation,  night-blindness,  and 
contraction  of  the  visual  field  •  occur ;  and  it  is  only  by  the 
presence  of  vitreous  opacities,  patches  of  choroidal  atrophy,  and 
relative  distension  of  the  veins  that  the  diagnosis  can  be  arrived 
at.  The  visual  field,  too,  may  help,  for  in  some  instances  there 
is  no  peripheral  contraction,  but  a  ring  scotoma,  which  is  almost 
pathognomonic  of  syphilitic  choroido-retinitis. 

This  kind  of  choroiditis  usually  affects  the  retina  to  a  serious 
extent.  Fig.  58  shows  a  section  in  which  the  rods  and  cones  are 
quite  destroyed,  and  the  pigment  ai-ranged  in  heaps,  whilst  the 
choroidal  tissue  shows  signs  of  infiltration  with  lymph-cells  and 
cicatricial  contraction. 

(5)  Myopic  choroiditis  is  an  atrophied  condition  of  the  choroid 
in  the  region  of  the  optic  disc,  the  yellow  spot,  and  other  parts. 
It  differs  from  the  atrophied  patches  already  described  in  other 
forms  of  exudative  choroiditis  in  presenting  little  or  no  cica- 
tricial tissue.    It  is  most  common  in  myopia,  more  especially  in 
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cases  of  high  degree.  It  usually  appears  in  the  form  of  a 
crescent  situated  at  the  outer  side  of  the  optic  disc ;  the  con- 
cavity of  the  crescent  coinciding  with  the  edge  of  the  disc, 
whilst  its  convexity  projects  towards  the  yellow  spot  (see  fig.  1, 
opposite  p.  181).  It  varies  in  size  from  a  very  narrow  rim  to 
an  area  equal  to  several  times  that  of  the  optic  disc,  round  which  it 
occasionally  forms  a  complete  ring,  and  is  usually  a  little  pig- 
mented. When  there  is  bulging  backwards  of  the  sclerotic  at 
the  posterior  pole  of  the  eye,  in  addition  to  the  atrophy  of  the 
choroid,  the  term  posterior  staphyloma  is  used.  This  is  the  result 
of  imt&rior  sclerotico-choroiditis.  Sometimes  it  remains  quite 
stationary,  but  it  is  frequently  progressive.  In  the  latter  case, 
the  bulging  backwards  at  the  posterior  pole  goes  on  increasing, 
as  well  as  the  inflammatory  change  in  the  choroid  at  the  outer 
edge  of  the  crescent.  We  can  often  see  the  effects  of  successive 
outbreaks  of  the  disease  by  the  appearance  of  the  staphyloma, 
which  then  presents  several  secondary  crescentic  edges,  each 
being  less  white  than  the  first. 

The  subjects  of  these  changes  at  the  posterior  pole  of  the  eye 
are  sometimes  able  to  see  very  well  when  the  proper  correcting 
glass  is  used.  When,  however,  there  is  a  posterior  staphyloma, 
and  especially  when  this  is  progressive,  the  vision  is  almost 
invariably  diminished  to  a  great  extent.  When  the  yellow  spot 
is  actually  involved,  we  of  course  find  that  all  central  vision  is 
lost.  The  patient  can  then  only  see  large  objects,  and  to  effect 
this  he  is  obliged  to  rotate  the  head  or  the  eyes  to  one  side,  so 
that  rays  from  the  object  may  fall  on  the  peripheral  parts  of  the 
retina.  During  the  course  of  a  progressive  posterior  staphyloma, 
which  is  usually  very  slow,  it  is  not  uncommon  to  find  hyperaemia 
of  the  papilla,  and  even  small  haemorrhages  at  the  edge  of  the 
staphyloma. 

272,6  treatment  of  myopic  crescent  and  progressive  posterior 
staphyloma  will  be  considered  in  the  chapter  devoted  to  the 
subject  of  Refraction. 

Frorjnosis  and  treatment  of  Extidative  Glioroiditis. — It ,  is 
necessary  to  find  out,  if  possible,  the  cause  of  the  disease.  A 
history  of  syphilis  can  in  many  instances  be  elicited,  and  should 
be  treated  on  general  principles  with  mercury  and  iodide  of 
potassium.    Other  constitutional  causes  require  general  treat- 
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ment.  Locally,  if  the  condition  is  in  an  active  stage,  as  shown  by 
dull  pain,  diffuse  vitreous  haze,  and  fresh  exudations,  leeches 
applied  to  the  temple,  diaphoresis,  and  other  forms  of  depletory 
treatment  are  necessary.  The  eyes  should  be  protected  from  the 
light  by  the  use  of  tinted  glasses ;  they  should  be  rested  as  much 
as  possible,  and  no  near  work  be  attempted.  It  may  be  necessary 
to  atropise  the  eyes  to  prevent  accommodation.  Should  there  be 
no  history  of  syphilis,  it  is,  in  many  cases,  advisable  to  try  such 
alteratives  as  the  mercurials  and  iodides,  as  great  improvement 
is  often  obtained  by  their  use  independent  of  any  syphilitic 
history.  If  the  general  health  is  run  down,  it  must  be  supported 
by  a  nutritious  diet,  regular  outdoor  exercise,  and  by  the  exhi- 
bition of  tonics,  as  iron,  strychnine,  quinine,  &c  .;  local  treatment 
must  also  be  adopted  as  indicated  above.  It  is  advisable  in 
most  cases  of  choroiditis  to  avoid  alcoholic  stimulants.  Vision 
may  almost  completely  be  restored  so  long  as  no  exudation 
occurs  in  the  macular  region.  Central  changes,  like  peripheral, 
are  attended  with  subsequent  atrophy,  which  gives  rise  to  per- 
manent and  absolute  scotomata ;  consequently,  direct  vision 
becomes  completely  lost.  Diffuse  exudative  choroiditis  is  in- 
variably attended  with  gradual  failure  of  sight  until  complete 
blindness  ensues. 

II.  Suppurative  Choroiditis  is  a  diffuse  suppurative  inflamma- 
tion of  the  choroid,  and  is  always  attended  with  suppurative 
irido-cyclitis.  There  is,  in  fact,  a  general  inflammation  of  the 
tunica  vasculosa,  which  usually  spreads  to  the  other  tunics  of  the 
globe  and  gives  rise  to  that  condition  known  as  panophthalmitis. 

The  synvptoms  from  the  first  are  those  of  intense  inflamma- 
tion. The  conjunctiva  and  subconjunctival  tissues  are  densely 
infiltrated  with  serum,  so  that  the  cornea  is  partly  covered  in  by 
the  swollen  tissues.  The  eyelids,  also,  are  red  and  swollen  ;  so 
much  so,  that  were  it  not  for  the  absence  of  discharge  the  case 
might  be  considered  to  be  one  of  purulent  conjunctivitis.  The 
iris  is  changed  in  colour,  and  becomes  muddy  in  appearance,  the 
pupil  fixed,  and  the  cornea  hazy  and  anaesthetic.  The  globe  of 
the  eye  appears  swollen  and  pushed  forwards  ;  it  is  hard  to  the 
touch,  and  extremely  painful  on  pressure.  There  is  excessive 
pain,  at  first  in  the  eye,  and  afterwards  in  and  around  the  orbit. 
Vision  is  of  course  soon  diminished,  and  finally  lost  altogether. 
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Pus  forms  in  the  anterior  chamber,  and  is  accompanied  by 

general  pyrexia. 

The  causes  of  suppurative  choroiditis  are  various,  it  may 
follow  a  perforating  wound,  whether  caused  by  an  accident  or 
operation— 6.7.  that  of  cataract  extraction ;  or  it  may  be  caused 
by  the  entry  of  a  foreign  body.  It  may  be  caused  by  extension 
of  inflammation  from  the  cornea  and  iris,  as  in  perforating  and 
serpiginous  ulcers  of  the  cornea  with  hypopyon.  It  sometimes 
occurs  in  typhoid  and  puerperal  fevers.  Occasionally  it  is  seen 
as  a  metastatic  phenomenon  in  amputations,  and  other  states 
where,  owing  to  septicaemia,  thromboses  are  liable  to  occur.  In 
some  cases,  however,  the  cause  of  this  affection  is  difficult  to 
trace. 

Pathologiccd  anatomy.  —  Suppurative  irido-choroiditis  is 
attended  with  suppurative  retinitis;  the  vitreous,  also  parti- 
cipating in  this  progressive  and  destructive  inflammation 
(suppurative  hyalitis),  becomes  destroyed  and  replaced  by  pus, 
and  the  eyeball  is  converted  into  an  abscess-cavity  the  tunics  of 
which  form  its  wall.  In  such  a  state  one  of  two  terminations 
will  occur — either  the  cornea  will  slough  and  the  pus  be  dis- 
charged, or  the  pus  will  become  inspissated  by  absorption  of  its 
liquor  puris  ;  in  either  case,  the  globe  will  shrink.  If  perforation 
has  not  taken  place  the  shrinking  will  occur  pari  passu  with 
the  gradual  subsidence  of  the  inflammatory  changes  {phthisis 
hulhi).  In  many  cases  the  exudation  in  the  vitreous  is  more 
puriform  than  purulent,  and  the  yellowish- white  reflex  seen  both 
by  oblique  focal  illumination  and  upon  ophthalmoscopic  examina- 
tion may  at  first  sight  be  mistaken  for  a  glioma — pseudo-glioma ; 
but  the  presence  of  inflammatory  signs,  followed  by  diminished 
tension,  shrinking  of  the  eyeball,  and  other  distinctions  (see 
Glioma),  render  it  easy  to  establish  a  diagnosis.  This  puriform  ex- 
udation (puro-lymph)  often  undergoes  partial  organisation,  and  so 
the  ophthalmoscopic  condition  may  remain  for  some  weeks  after  the 
subsidence  of  active  inflammatory  changes  ;  eventually,  however, 
the  eyeball  is  certain  to  shrink,  become  puckered  and  hardened, 
and  in  some  cases  the  choroid  will  undergo  ossification. 

Microscopically,  the  choroid  will  be  found  to  be  several  times 
its  natural  thickness  and  exceedingly  cellular,  the  cells  aggre- 
gating into  clusters  which  form  small  abscesses  ;  these  soon 
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coalesce  and  convert  the  choroid  into  a  diffuse  suppurative  tract 
(see  hg.  59).  The  inflammatory  changes  in  the  iris,  ciliary  body, 
retina,  and  vitreous  are  similar  to  the  microscopical  characters 
of  inflammation  in  other  parts  of  the  body.  It  is  advisable  to 
mention,  however,  that  the  partially  organised  exudation  in  the 
ciliary  body  looks  under  the  microscope  not  imlike  a  melanotic 
sarcoma,  on  account  of  the  complete  derangement  and  multiplica- 
tion of  the  pigment-cells.  The  clinical  history,  together  with  the 


Fig.  59.— Suppurative  Choroiditis.    (Photomicrograph  x  75.) 
u,  uveal  pigment ;  c,  choroid  greatly  thickened  from  inflammatory  exudation ;  s,  sclerotic  coat. 

condition  of  the  vessel-walls,  will  explain  the  nature  of  the 
growth. 

The  treatment. — Local  leeching,  hot  fomentations  and  poul- 
tices, combined  with  morphia,  either  hypodermically  or  otherwise 
administered,  are  very  useful  in  allaying  pain.  As  soon  as  pus 
is  evidently  accumulating  in  or  behind  the  aqueous  chamber, 
prompt  surgical  interference  is  indicated.  If  the  eye  be 
left  to  itself,  there  is  considerable  risk  of  the  inflammation 
extending  backwards  along  the  optic  nerve  to  the  brain  and  its 
membranes,  and  so  causing  a  fatal  termination.    Excision  of  the 
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o-lobe  is,  in  uiy  opijiion,  the  best  and  safest  way  of  treating  this 
severe  condition.  Some  surgeons,  however,  are  doubtful  as  to 
the  propriety  of  removing  an  eye  whilst  in  this  inflamed  and 
suppurating  condition,  and  prefer  first  to  make  an  incision 
thi'ough  the  anterior  part  of  the  globe  so  as  to  relieve  pain, 
tension,  &c.,  and  to  postpone  the  excision  until  the  inflammatory 
symptoms  have  subsided. 

III.  Irido-choroiditis  (uveitis)  is  an  inflammatory  condition 
involving  the  whole  uveal  tract,  the  iris,  ciliary  body,  and  choroid. 
It  may  be  acate  or  chronic. 

Acute  irido-choroiditis  is  either  suppurative  (see  Suppurative 
Choroiditis)  or  sero-plastic  (see  Sympathetic  Ophthalmitis). 

Chronic  irido-choroiditis  is  a  slow  form  of  inflammation  which 
attacks  each  part  of  the  uveal  tract  either  simultaneously  or 
successively.  It  is  very  often  preceded  by  an  acute  attack  of 
iritis  or  choroiditis.  Subacute  exacerbations  occur  from  time  to 
time.  Its  tendency  to  relapse  is  its  predominating  feature;  years 
may  pass  away  before  there  is  a  permanent  cessation  of  inflam- 
matory symptoms.  The  prevailing  clinical  features  are  evidences 
of  iritis,  cyclitis,  and  choroiditis,  such  as  posterior  synechise  or  pig- 
mentonthelenscapsule ;  thinningof  the  iritictissue  so  that  in  some 
cases  the  dull  choroidal  reflex  may  be  seen  through  the  reticulum 
of  the  iris  as  if  through  a  curtain;  thinning  of  the  sclera  over  the 
ciliary  body,  from  chronic  cyclitis,  which  allows  the  blue  ciliary 
body  to  be  seen  through ;  eventually  a  ciliary  staphyloma  may 
appear.  Numerous  and  large  vitreous  opacities  are  seen ;  and,  if 
the  vitreous  is  not  so  cloudy  as  to  obstruct  the  view  of  the  fundus, 
patches  of  choroiditis  and  choroidal  atrophy,  with  general  cho- 
roidal thinning,  may  be  made  out.  Posterior  polar  opacity  or 
irregular  opacities  in  the  lens  are  not  uncommon,  and  at  last  the 
whole  lens  may  become  cataractous.  Subjective  signs  are  present 
in  the  form  of  defective  vision,  sometimes  so  bad  as  to  have  only 
perception  of  light,  flashes  of  light  in  the  dark,  dull  aching 
pain  in  the  eyes,  &c.  The  tension  is  usually  slightly  raised  at 
first, but  soon  becomes  subnormal  (T  —  1  or  T  —  2).  The  prognosis 
is  unfavourable.  It  is  usually  symmetrical,  and  complete  blind- 
ness will  almost  certainly  ensue  sooner  or  later. 

Treatment. — Little  can  be  done  beyond  treating  the  symptoms 
as  they  appear,  and  supporting  the  general  health.    Iodide  of 
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potassium  assists  in  some  cases,  cliiefly  on  account  of  its  altera- 
tive action  and  its  power  in  aiding  tlie  absorption  of  all  chronic 
inflammatory  exudations.  Iritis  must  be  treated  in  the  early 
stage  by  instilling  atropine  and  cocaine.  Increase  of  tension  is 
rarely  present,  and  is  certainly  never  sufficiently  pronounced  to 
necessitate  operative  interference. 

Tubercle  of  the  choroid  occupies  the  region  of  the  chorio- 
capillaris  and  the  vascular  layer,  and  is  quite  behind  the  uvea. 
It  is  most  commonly  found  in  cases  of  acute  miliary  tuber- 
culosis, but  it  may  be  present  in  all  forms  and  stages  of 
tubercular  disease. 

"When  seen  with  the  ophthalmoscope,  it  appears  as  a  greyish 
hemispherical  eminence,  varying  from  1  mm.  to  3  mm.  in 
diameter.  One  or  several  of  these  first  appear  in  the  yellow 
spot  region,  and  are  afterwards  followed  by  others  in  the  sur- 
rounding neighbourhood.  The  youngest  tubercles  are  very 
small ;  the  oldest  are  the  largest,  and  are  somewhat  white  at 
the  centre.  They  are  distinguished  from  patches  of  choroidal 
atrophy,  in  being  more  clearly  defined,  less  brilliantly  white, 
and  in  presenting  no  pigment-masses  around  the  edges. 

In  cases  of  acute  tubercular  disease  where  there  are  t^ohoid 
symptoms,  and  in  tubercular  meningitis  where  the  diagnosis  is 
not  always  easy,  the  detection  of  tubercles  of  the  choroid  is  of 
great  assistance  in  clearing  up  the  case,  although  the  absence 
of  choroidal  tubercle  does  not  prove  the  absence  of  tubercular 

disease  in  other  organs.  i      p      .  i 

Rupture  of  the  choroid  is  always  the  result  of  external 
violence,  such  as  a  blow,  a  kick,  or  a  fall,  in  which  the  eye  is 
struck  with  great  force,  causing  sudden  change  of  form.  _  ihe 
accident  is  usually  followed  by  haemorrhage  into  the  vicinity  of 
the  wound,  causing  opacity  of  the  vitreous.    This  at  first  pre- 
vents the  choroidal  lesion  from  being  seen  with  the  ophthal- 
moscope    After  a  few  days,  however,  as  the  blood  becomes  ab- 
sorbed, we  can  see  a  wMtish  line  in  the  fundus,  immediately 
opposite  to  that  part  of  the  globe  which  received  the  blow. 
There  is  usually  a  little  blood  clingmg  to  the  edges  of  the  rup- 
ture for  some  time  after  the  latter  is  visible;  but  finally  the 
rupture  appears  as  a  permanent  white  or  yellowish-white  line 
which  is  usually  curved  in  a  direction  concentric  with  the  edge 
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Fig.  2.— Rupture  of  the  Choroid. 
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of  the  disc,  but  occasionally  it  runs  obliquely.  Fig.  2,  opposite 
p.  188,  shows  a  drawing  from  a  boy  who  had  received  a  blow  on 
his  eye  from  a  stick. 

Sympathetic  Irritation  and  Sympathetic  Ophthalmitis. 

These  terms  are  applied  to  certain  affections  which  are  set 
up  in  one  eye  in  consequence  of  some  organic  lesions  of  its 
fellow  on  the  opposite  side.  The  eye  which  is  first  affected  is 
usually  spoken  of  as  the  exciting  eye,  whilst  the  second  is  called 
the  .^i/mpathising  eye. 

In  the  exciting^  eye  there  is  almost  always  a  history  of  an 
injury  at  some  time  or  other.  In  the  majority  of  cases  this 
has  been  a  penetrating,  incised,  lacerated,  or  contused  wound  of 
the  ciliary  region.  It  sometimes  happens  that  the  wound  pro- 
duced by  a  blow  is  subconjunctival,  and  so  may  escape  the 
notice  of  the  surgeon. 

The  presence  of  a  foreign  body  lodged  within  any  jDart  of 
the  globe,  such  as  a  shot  or  a  chip  of  metal,  is,  if  not  removed, 
very  likely  to  cause  disorganisation  of  the  injured  eye,  and  a 
very  probable  forerunner  of  sympathetic  trouble  in  the  other. 

Wounds  of  the  cornea  which  do  not  extend  to  the  ciliarv 
region  have  of  themselves  little  tendency  to  set  up  sympathetic 
inflammation  ;  but  should  they  be  attended  by  dislocation  of 
the  crystalline  lens,  or  by  the  formation  of  anterior  synechia, 
these  lesions  are  very  liable  to  produce  it. 

In  the  case  of  spontaneous  inflammation  of  one  eye,  fol- 
lowed by  similar  symptoms  in  the  other— as,  for  example, 
chronic  irido-choroiditis,  ciliary  staphyloma,  glaucoma,  &c. — 
it  is  difiicult  or  impossible  to  prove  that  the  affection  of  the 
second  eye  is  due  to  an  extension  of  the  disease  from  the  first, 
and  not  to  a  common  cause.  An  eye,  however,  which  is 
shrunken  and  disorganised  is  very  liable  to  take  on  an  in- 
flammatory condition  which  may  cause  irritative  symptoms  in 
its  fellow,  and  such  an  eye  should  therefore  always  be  regarded 
with  suspicion,  especially  when  the  other  eye  is  in  any  way 
irritable,  or  inflamed  without  apparent^cause. 

Condition  of  the  exciting  eye. — In  the  majority  of  cases 
where  a  wound  of  the  ciliary  region  is  followed  by  such  a  con- 
dition as  to  set  up  sympathetic  inflammation,  we  find  the 
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presence  of  plastic  inflammation  of  the  iris,  the  ciliary  body, 
and   the  choroid   (irido-cyclo-choroiditis).     During  the  first 
week  after  the  infliction  of  the  wound  a  violent  reaction  is 
set  np,  in  which  there  is  intense  pahi  in  the  eye,  orbit,  and 
the  surrounding  temporal,  frontal,  and  malar  regions.  There 
is  marked  congestion  of  the  circumcorneal  zone  of  vessels,  and 
the  ciliary  region  is  tender  when  digital  pressure  is  made 
through  the  closed  eyelids.    There  is  great  intolerance  of  light 
and  overflowing  of  tears.    The  vision  is  much  impaired.  These 
symptoms  are  succeeded  by  those  of  chronic  irido-cyclitis. 
The  iris  becomes  extensively  adherent  to  the  capsule  of  the 
lens,  it  is  changed  in  colour,  and  the  pupil  may  be  occluded 
with  organised  lymph.    The  vitreous,  when  the  pupil  is  not 
occluded,  is  found  to  be  so  hazy,  and  crowded  with  opacities, 
as  to  prevent  the  retina  and  choroid  from  being  seen  with  the 
ophthalmoscope.    If  the  lens  has  been  wounded  in  the  accident, 
it  of  course  becomes  swollen  and  opaque.    Upon  section  and 
microscopic  examination  of  an  eye  in  this  condition  of  traumatic 
irido-cyclitis,  from  five  to  ten  days  after  the  infliction  of  the 
wound,  we  find  evidence  of  severe  plastic  inflammation  in  the 
iris,  ciliary  body,  and  choroid.    The  iris  is  thickened  by  infil- 
tration with  lymphoid  cells,  which  are  arranged  in  clusters. 
These  first  appear  in  the  middle  strata,  and  then  coalesce,  and 
extend  to  all  the  tissue  of  the  iris.    The  blood-vessels  appear  to 
be  blocked  by  white  corpuscles,  and  their  walls  are  thick  and 
translucent.    The  pigment-layer  at  the  back  of  the  iris  is  altered 
in  appearance,  its  cells  having  undergone  proliferation  ;  it  is  less 
dark  in  colour,  and  there  is  a  tliick  deposit  of  lymphoid  cells  on 
its  posterior  surface.    The  ciliary  body  is  similarly  aff'ected. 
Clusters  of  cells  first  appear  on  the  inner  surface  of  the  ciliary 
muscle ;  these  increase  and  coalesce  until  they  occupy  the 
entire  part  between  the  muscle  and  the  pigment-layer.  The 
pigment-layer,  again,  is  much  altered,  and  only  appears  as  an 
irregularly  scattered  line  in  the  midst  of  lymphoid  cells.  The 
fibres  of  the  ciliary  muscle  are  not  much  infiltrated.    The  pars 
ciliaris  retinae  is  but  little  altered,  except  that  it  is  separated 
from  the  basement-membrane  by  exudation.    The  choroid  also 
shows  clusters  of  leucocytes,  first  appearing  in  the  middle  or 
vascular  layer,  which  multiply,  coalesce,  and  finally  occupy  its 
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whole  extent.  Its  thickness  may  be  increased  eight  or  ten 
times.  The  blood-vessels  are  blocked  with  leucocytes,  and  are 
ultimately  destroyed.  The  pigment-layer  is  not  affected.  In 
the  lymph  spaces  around  the  blood-vessels  of  the  retina  clusters 
of  lymphoid  cells  are  also  sometimes  seen.  Similar  cells  are 
also  found  in  the  intersheath  space,  and  around  the  vessels  of 
the  optic  nerve. 

Septic  bacteria  can  often  be  found  in  eyes  which  have  been 
enucleated.  Snellen  has  traced  these  along  the  optic  nerve 
sheath,  and  believes  that  they  are  concerned  in  the  production 
of  sympathetic  inflammation. 

In  some  cases  the  active  inflammatory  changes  in  the  exciting 
eye,  as  above  described,  are  much  less  marked. 

Symptoms  and  pathology  of  the  sympathising  eye. — It  is 
important  to  distinguish  between  irritation  and  inflammation 
of  this  eye. 

By  sympathetic  irritation  is  meant  a  functional  derangement 
only.  It  is  characterised  by  intolerance  of  light,  lachrymation, 
and  inability  to  use  the  eye  for  reading  or  work  for  moi'e  than 
a  short  period  without  a  sense  of  fatigue.  The  vision  may  be 
normal,  but  is  sometimes  impaired.  There  are  sometimes  tem- 
porary sensations  of  darkness  (obscm^ations)  which  last  for 
several  seconds.  There  may  be  considerable  neuralgic  pains  in 
and  around  the  eye.  No  physical  signs  of  inflammation  can  be 
detected,  either  with  the  oblique  focal  illumination  or  with  the 
ophthalmoscope.  Sympathetic  irritation  frequently  precedes  in- 
flammation, but  it  may  exist  for  weeks,  months,  or  even  years 
before  the  inflammation  of  the  eye  supervenes.  It  is  not  a  neces- 
sary forerunner  of  sympathetic  inflammation,  inasmuch  as  the 
latter  often  comes  on  without  any  symptom  of  irritation ;  on 
the  other  hand,  it  often  subsides,  and  is  not  followed  by  sym- 
pathetic inflammation.  The  excision  of  the  exciting  eye  usually 
causes  speedy  removal  of  the  symptoms  of  irritation. 

Sympathetic  ophthalmitis  may,  as  we  have  just  seen,  be 
ushered  in  by  irritation,  but  it  may  come  on  in  the  most  insidious 
manner,  without  pain,  photophobia,  or  lachrymation  ;  it  usually 
commences  as  a  serous  irido-cyditis,  the  inflammation  thence 
extending  to  the  choroid.  The  symptoms  of  this  early  stage 
are  easily  overlooked  ;  but  when  carefully  examined  the  pupil  is. 
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found  to  be  sluggish,  the  vision  more  or  less  impaired,  the 
vitreous  hazy  so  as  to  prevent  a  clear  view  of  tlie  retina  and 
choroid.    Floating  opacities  of  the  vitreous  are  often  present. 
Dots  of  opacity  on  the  back  of  the  cornea  (keratitis  punctata) 
pan  usually  be  seen  as  soon  as  this  disease  has  fully  set  in. 
These  are  sometimes  extremely  minute,  and  then  can  only  be 
seen  by  using  a  magnifying  lens  with  the  oblique  focal  illumina- 
tion (p.  94).    The  dots  are  either  scattered  irregularly  over  the 
surface,  or  they  assume  a  triangular  arrangement,  the  apex  of 
which  is  opposite  to  the  pupil,  and  the  base  either  below  or  on 
one  side.     The  serous  inflammation  may  continue  as  such 
throughout  the  whole  course  of  the  disease,  or  it  may  at  any 
time  assume  the  more  severe  plastic  form.    In  the  majority  of 
cases  of  long-standing  sympathetic  disease,  we  find  both  tlie 
clinical  and  anatomical  characters  of  severe  sero-plastic  infiamma- 
tion  of  the  whole  uveal  trad.    The  iris  looks  thick  and  fleshy, 
and  is  changed  to  a  buff  or  brownish-yellow  colour.    Its  blood- 
vessels become  large  and  visible.    The  pupil  may  be  blocked  by 
lymph.    The  vitreous,  when  visible,  is  found  to  be  hazy,  and  to 
contain  floating  opacities.    The  zone  of  vessels  around  the 
cornea  is  intensely  congested.     There  is  sometimes  intense 
neuralgic  pain  in  the  regions  supplied  by  the  fifth  nerve.  ^ 

The  interval  of  time  between  the  injury  of  the  exciting  eye 
and  the  onset  of  inflammation  in  the  sympathising  eye  is  very 
variable.  It  is  seldom  less  than  three  weeks.  The  usual  period 
is  from  eight  to  twelve  weeks,  but  cases  not  unfrequently  occur 
afber  a  much  longer  period,  even  many  years  from  the  date  of 
the  original  injury  or  disease. 

The  mode  of  production  of  sympathetic  disease  has  yet  to  be 
explained.  The  oldest  theory,  which  goes  by  the  name  of 
Mackenzie's,  is  that  the  inflammation  spreads  to  the  sympatHs- 
ing  eye  along  the  optic  nerve  and  chiasma.  More  recently  it 
has  been  held  that  the  ciliary  nerves  formed  the  conducting 
paths,  the  infiammation  being  conveyed  to  a  centre  of  the  ciliary 
nerves  of  the  injured  eye,  and  thence  reflected  down  the  ciliary 
nerves  of  the  other  eye,  or  else  that  the  vaso-motor  centre  was 
acted  upon  in  such  a  way  as  to  interfere  with  the  nutrition  of 
the  other  eye.  Pathological  proof  in  support  of  tins  theory  is 
wanting;  the  material,  however,  is  not  plentiful,  and  it  would 
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be  easy  to  overlook  morbid  changes  in  nerves  so  minute  and 
numerous  as  are  the  ciliary  nerves.  A  more  powerful  argument 
ao-aiust  the  reflex  production  of  sympathetic  ophthalmitis  lies  in 
the  fact  that  true  inflammation  has  never  been  prodaced  experi- 
mentally by  irritation  of  a  nerve. 

Observations  and  expeiiments  have  proved  that  the  space 
between  the  dural  and  pial  sheaths  of  the  optic  nerve,  and  the 
lymph  sheaths  surrounding  the  arteries  of  the  retina  and  of  the 
optic  nerve,  are  often  occupied  by  a  number  of  lymphoid  cells, 
similar  in  nature  to  those  which  are  so  abundant  in  the  uveal 
tracts  of  the  eyes  affected.  This  fact  has  led  to  the  theory  that- 
it  is  along  these  lymphatic  spaces  that  the  morbid  process  ex- 
tends to  the  second  eye ;  the  chain  of  evidence  is,  however, 
incomplete,  for  it  has  not  been  proved  that  the  chiasnia  is 
affected  ;  while  the  fact  that  in  some  of  the  cases  examined  the 
changes  have  become  less  marked  in  each  nerve  as  the  chiasm  a 
was  appi'oached,  renders  it  quite  possible  that  the  change  ob- 
served indicated  a  morbid  process  extending  backwards  from 
each  eye.  The  known  facts  about  the  occurrence  of  sympa- 
thetic ophthalmitis  are  hardly  yet  sufficient  to  establish  a  theory 
as  to  its  mode  of  transmission ;  before  this  can  be  done  more 
data  must  be  collected  as  to  the  essential  nature  of  the  injury 
which  gives  rise  to  it,  the  shortest  interval  that  can  elapse 
between  the  receipt  of  the  injury  and  the  appearance  of 
symptoms  in  the  other  eye,  and,  above  all,  as  to  the  exact 
nature  of  the  morbid  changes  in  all  the  possible  paths  in  hoth 
eyes. 

Frevention  and  treatment. — The  exciting  eye  should  be  care- 
fully treated  and  rendered  aseptic,  and  every  effort  made  to  allay 
inflammation  in  this,  as  well  as  to  prevent  irritation  or  inflam- 
mation in  that  of  the  opposite  side.  The  patient  must  be 
warned  of  the  possible  danger  to  the  opposite  eye,  which  should 
be  shaded  from  light,  and  kept  at  rest,  not  only  during  the 
attack,  but  for  several  weeks  after  the  inflammation  of  the  ex- 
citing eye  has  apparently  subsided. 

When  the  exciting  eye  is  evidently  rendered  useless,  either  by 
the  wound  or  by  the  consequent  inflammation — that  is,  when  its 
vision  has  quite  gone,  or  only  amounts  to  perception  of  light, 
and  when  there  is  no  probability  that  its  sight  will  improve — it 
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should  be  immediately  excised.  The  necessity  for  its  immediate 
removal  is  still  more  urgent  when  it  is  giving  rise  to  irritation 
or  to  inflammation  in  the  opposite  eye. 

When  the  exciting  eye,  although  damaged,  is  dill  in  the  posses- 
don  of  tisef  ul  vision,  or  if  there  is  hope  of  such  being  restored  to 
it,  the  question  as  to  whether  it  should  be  removed  or  not  be- 
comes most  difficult  to  decide. 

If  the  sympathising  eye  is  only  suffering  from  irritation,  and 
presents  no  symptom  of  inflammation,  the  removal  of  the  ex- 
citing eye  is  usually  attended  by  immediate  relief  of  the  irrita- 
tion, and  no  symptoms  of  inflammation  are  likely  to  appear  ; 
whilst,  as  we  have  just  seen,  the  danger  of  inflammation  is  very 
great  if  the  eye  is  not  removed.    It  therefore  becomes  a  most 
important  and  urgent  matter  to  decide  whether  it  is  not  better 
to  sustain  the  loss  of  the  eye  which  is  already  partially  disabled, 
than  to  incur  the  risk  of  loss  of  sight  to  the  sympathising  eye. 
Careful  consideration  of  the  bearings  of  the  case  is  necessary  in 
accidents  of  this  kind,  which  in  practice  are  liable  to  occur  at 
any  moment.    A  decision  having  been  arrived  at,  the  patient 
and  his  friends  should  be  clearly  and  forcibly  warned  of  the 
danger  to  which  the  sympathising  eye  is  exposed  by  further 
retention  of  the  injured  eye. 

If  sympathetic  inflammation  has  already  commenced  in  the 
second  eye,  although  it  may  only  be  of  the  serous  type,  then  the 
exciting  eye  should  be  preserved ;  its  removal  at  this  late  period 
is  not  likely  to  stop  the  disease  in  the  other  eye ;  in  fact,  the 
sympathising  eye  may  become  so  affected  by  the  progress  of  the 
disease  that  the  exciting  eye  may  ultimately  prove  to  possess 
the  better  vision  of  the  two.  When  it  is  decided  to  preserve 
the  exciting  eye,  this  should  be  carefully  treated  in  the  manner 
recommended  for  plastic  iritis,  light  being  carefully  excluded 

from  both  eyes. 

The  sympathising  eye  must  be  treated  in  the  same  way  as  a 
case  of  severe  plastic  iritis  (p.  170),  that  is,  with  complete  rest, 
exclusion  of  light,  the  alternate  application  of  moist  and  dry 
warmth,  atropine,  and  leeches,  if  necessary.  In  no  case,  how- 
ever, must  any  operative  interference,  as  iridectomy,  be  at- 
tempted, as  the  aperture  caused  by  the  excision  of  the  iris 
would  immediately  become  filled  up  by  the  same  exudation  as 
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has  been  thrown  out  elsewhere.  Tonics  are  to  be  administered 
internally.  Mercurials  are  given  by  some  surgeons ;  but  unless 
constitutional  syphilis  is  suspected,  I  should  hesitate  before 
adopting  this  treatment. 

Operative  treatment  of  either  the  exciting  or  the  sympa- 
thising eye  must  not  be  commenced  until  all  inflammatory 
symptoms  have  entirely  passed  away. 

The  condition  of  the  sympathising  eye  after  the  inflamma- 
tion has  subsided  is  generally  very  bad.  In  the  mildest  cases 
there  are  usually  extensive  posterior  synechia,  but  the  pupil 
may  remain  sufficiently  clear  to  allow  of  some  useful  vision. 
The  fixed  position  of  the  iris,  however,  is  likely  to  lead  to  future 
inflammatory  trouble  in  the  eye,  the  risk  of  which  would  be 
diminished  by  the  removal  of  a  portion  of  the  adherent  iris  by 
the  operation  of  iridectomy  upwards.  In  other  cases,,  the  layer 
■of  plastic  exudation  between  the  iris  and  the  lens  capsule  is 
more  excessive,  and  extends  to  the  area  of  the  pupil,  which  is 
quite  occluded. 

The  crystalline  lens  also  is  frequently  involved,  and  is  found 
to  be  more  or  less  opaque.  Here,  of  course,  the  vision  is 
greatly  impaired  and  may  amount  to  perception  of  light  only. 
An  attempt  to  restore  the  sight  may  be  commenced  by  the 
performance  of  iridectomy  in  the  upward  direction.  The  opera- 
tion is  by  no  means  easy  to  perform,  owing  to  the  toughness  of 
the  adhesions  and  the  rottenness  of  the  iris  tissue.  If  an  artifi- 
cial pupil  can  be  thus  made,  and  the  lens  substance  is  found  to 
be  transparent,  no  further  proceeding  is  at  present  necessary. 
Should  the  lens  be  found  to  be  opaque,  an  attempt  may  be 
made  to  extract  it  through  the  wound  already  made  for  the 
iridectomy.  Its  removal  is  usually  attended  with  difficulty, 
■owing  to  the  extensive  iritic  adhesions.  These  may  sometimes 
be  more  or  less  detached  by  means  of  a  Streatfeild's  hook ;  and 
even  then  it  is  usually  necessary  to  use  the  scoop  in  order  to 
get  the  lens  away  from  its  incarcerated  capsule.  After  the 
recovery  from  the  iridectomy  or  the  extraction  of  the  lens,  the 
vision  may  sometimes  be  still  more  improved  by  iridotomy  (see 
p.  209). 

Tumours  of  the  Tunica  Vasculosa. — Gumma  occasionally 
■occurs  during  the  secondary  stage  of  constitutional  syphilis. 
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It  may  attack  either  portion  of  tlie  tunica  vasculosa,  and  it  may 
be  single  or  multiple. 

Gumma  of  the  iris  appears  in  the  form  of  one  or  several 
nodules,  which  may  be  clearly  seen  through  the  cornea.  The 
inflammatory  deposit  first  commences  in  the  connective  tissue 
of  the  middle  strata  of  the  iris  and  causes  a  slight  change  of 
colour  only ;  the  swelling  gradually  iiicreases  until  there  is 
distinct  bulging  of  the  anterior  surface.  In  light-coloured  eyes 
these  little  hemispherical  elevations  are  of  a  reddish-yellow 
colour ;  in  dark  ones  they  are  more  of  a  tan  colour.  Their 
diameter  varies  from  1  to  6  mm.  When  small,  they  may, 
under  proper  treatment,  become  absorbed  and  disappear  ;  when 
large,  they  usually  suppui^ate,  causing  hypopyon,  and  perma- 
nent alteration  in  the  tissue  of  the  iris  (fig.  9,  opposite  p.  100). 

Gummata  of  the  ciliary  body  and  of  the  choroid  also  occur, 
but  their  presence  is  usually  attended  by  a  hazy  condition  of 
the  vitreous  humour,  which  renders  their  diagnosis  more  diffi- 
cult than  gumma  of  the  iris.  The  connective  tissue  of  the 
middle  part  of  both  structures  is  first  affected. 

Miliary  tubercle  is  sometimes  seen  in  the  iris  and  in  the 
choroid.  Tubercle  of  the  iris  occurs  less  frequently  than 
gumma,  but  when  present  it  occupies  a  similar  position  and 
presents  at  first  a  similar  appearance  to  that  affection,  so  much 
so  that  it  is  only  by  the  collateral  symptoms  of  the  presence  of 
constitutional  syphilis,  or  tuberculosis,  that  a  diagnosis  can  be 
correctly  arrived  at.  In  later  stages  the  appearance  is  more 
characteristic.    See  Tubercular  Iritis. 

Tubercle  of  the  choroid  has  been  already  described  (see  p.  1 88) . 

Sarcoma  mostly  attacks  the  choroid  or  the  ciliary  body ;  it 
hardly  ever  occurs  primarily  in  the  iris. 

Sarcoma  of  the  choroid  and  ciliary  body  usually  commences 
in  a  manner  so  insidious  as  to  be  unnoticed  even  by  the 
patient  until  the  tumour  has  attained  a  considerable  magnitude; 
even  then  it  is  sometimes  discovered  accidentally  by  the  patient 
closing  one  eye  and  finding  the  vision  of  the  affected  eye  dimin- 
ished. Sometimes,  however,  the  growth  of  sarcoma  is  accom- 
panied by  local  pains,  flashings  of  light,  &c.  It  usually  occurs 
during  middle  life  or  old  age,  being  seldom  seen  before  the  age 
of  thirty-five. 
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Symptotm. — When  seen  at  an  early  stage,  there  may  be  no- 
tlaino-  in  the  exterior  of  the  eye  to  attract  notice. 

In  addition  to  the  dimness  of  sight  whicli  may  liave  first 
caused  tlie  patient  to  apply  for  advice,  we  find  that  tlie  visual 
field  is  deficient  in  some  parts,  and,  when  it  is  examined  by 
means  of  the  perimeter,  presents  a  scotoma  corresponding  to 
the  position  of  the  tumour.  With  the  ophthalmoscope  an  out- 
line of  the  tumour  can  sometimes  be  seen  to  form  a  rounded 
promhience,  pushing  the  retina  forwards  into  the  vitreous 
cavity.  It  is,  however,  always  a  matter  of  difiiculty  to  say 
whether  this  is  due  to  a  sarcomatous  growth  in  the  choroid,  or 
to  simple  detachment  from  subretinal  effusion.  When  due  to 
sarcoma,  the  detached  or  bulging  portion  of  the  retina  may 
retain  some  colour  or  be  pigmented ;  it  may  occur  at  any  part  of 
the  fundus,  and  it  does  not  flap  about  when  the  eye  is  moved. 
In  simple  detachment,  the  detached  portion  has  a  bluish-white 
appearance;  it  usually  occurs  at  the  lower  segment  of  the 
fundus,  and  it  may  flap  about  freely  when  the  eye  is  moved. 
Occasionally  a  vascular  network  of  the  sarcomatous  growth  can 
be  detected  through  the  retina. 

Sarcomata  in  the  ciliary  region  are  readily  recognised  by 
the  changes  they  produce  in  the  iris.  There  is  at  first  a  bulg- 
ing forwards  of  that  membrane  against  the  cornea,  and  even- 
tually it  separates  from  its  ciliary  attachment,  the  growth  pre- 
senting itself  through  the  gap  caused  by  the  irido-dialysis.  The 
pupil  is  altered  in  shape  and  is  displaced  away  from  the  position 
of  the  growth.  The  condition  of  ciliary  sarcoma  is  usually 
recognised  before  it  has  grown  sufficiently  large  to  raise  the 
inti'a-ocular  tension. 

In  the  advanced  stage,  the  presence  of  the  tumour  is  accom- 
panied by  a  distinct  increase  of  the  tension  of  the  globe,  and 
the  eye  presents  other  symptoms  of  glaucoma.  The  anterior 
ciliary  vessels  are  congested;  the  cornea  becomes  dull  in  ap- 
pearance and  is  more  or  less  deprived  of  sensation.  The  ante- 
rior chamber  gradually  becomes  shallow  by  the  pressure  from 
Ijehind  the  iris.  The  iris  is  sometimes  subacutely  inflamed,  and 
forms  posterior  adhesions  to  the  capsule  of  the  lens,  which 
render  the  pupil  irregular.  Not  unfrequently  the  iris  is  atro- 
phied, and  it  may  be  detached  at  that  part  of  its  periphery 
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which  corresponds  to  the  position  of  the  tumour.  The  vitreous 
also  is  frequently  rendered  cloudy  by  the  presence  of  numerous 
opacities.  The  vision  has  gradually  become  worse,  and  is  now 
reduced  to  bare  perception  of  light.  When  the  disease  has 
progressed  to  such  an  extent  as  to  destroy  vision,  there  is  fre- 
quently considerable  trouble  from  pain  in  the  ciliary  region  and 
lachrymation,  which  are  of  a  more  severe  character  than  those 
met  with  in  true  glaucoma. 

Examination  of  the  fundus  with  the  ophthalmoscope  is  now 
rendered  impossible  by  the  opacity  of  the  media  ;  and  the  in- 
creased tension  of  the  globe,  together  with  the  general  appear- 
ance of  the  eye,  frequently  render  it  a  matter  of  difficulty  to 
decide  whether  the  case  be  one  of  sarcoma  or  true  glaucoma. 
So  much  is  this  the  case  that  it  occasionally  happens  that  the 
true  state  of  the  eye  is  not  discovered  until  an  operation  for 
iridectomy  has  been  attempted,  and  is  found  to  be  accompanied 
by  escape  of  vitreous  and  by  greater  haemorrhage  than  is  usual 
in  glaucoma. 

Diagnosis.— Saxcoma.  of  the  choroid  should  always  be  sus- 
pected when  an  eye  that  has  been  gradually  losing  sight,  or 
quite  blind  for  some  time,  is  suddenly  attacked  by  pain,  conges- 
tion, and  increased  tension,  or  even  if  the  tension  be  normal, 
while  the  other  symptoms  exist.  In  any  case  of  extensive 
detachment  of  retina  occurring  in  one  eye  only,  and  when  there 
has  been  no  myopia  or  history  of  a  blow  upon  the  eye,  we  must 
be  cautious  in  prognosis.  Since  increase  of  tension  is  a  most 
valuable  sign  in  the  diagnosis  of  intra-ocidar  tumours,  it  is  easy 
to  understand  how  sarcoma  of  the  choroid  may  be  mistaken  for 
aoute  pimary  glaucoma ;  and  as  Hill  Griffith  •  points  out  in  his 
valuable  paper,  the  treatment  is  diametrically  opposite— that  is 
to  say,  iridectomy  is  imperatively  called  for  in  acute  glaucoma, 
whereas  its  performance  for  a  new-gi'owth  is  worse  than  useless. 
If  the  fundus  can  be  seen,  there  is,  as  a  rule,  no  difficulty  ;  but 
supposing  the  media  and  cornea  are  so  hazy  as  to  obstruct  all 
view  of  the  fundus,  as  is  not  unfrequently  the  case,  the  diagnosis 
must  be  made  by  the  history  of  the  case,  whether  any  symp- 
toms of  glaucoma  had  previously  existed,  and  by  the  condition 
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of  the  visual  field  and  the  projection  of  light.  If  the  vision  is 
completely  lost  and  pain  is  persistent,  removal  of  the  eyeball  is 
the  correct  treatment,  whether  it  be  a  case  of  simple  or  second- 
ary glaucoma. 

Pathology. — Sarcoma  of  the  choroid  is  usually  more  or  less 
pigmented  (melanotic)  and  consists  of  spindle-shaped  and  round 
cells.  These  spindle  cells  are  about  -nAnr  i^^^h  in  diameter. 
They  contain  a  large  nucleus,  surronnded  by  a  hyaline  substance 
(protoplasm),  which  tapers  oflF  at  each  end.  The  tumours  are 
usually  of  firm  consistence ;  they  generally  contain  some  blood- 
vessels, and  sometimes  are  very  vascular ;  the  walls  of  the  blood- 
vessels are  composed  of  sarcomatous  elements,  as  is  seen  in 
sarcomata  in  other  parts  of  the  body.  They  usually  bulge 
towards  the  vitreous  cavity,  where  the  retina  is  seen  to  be  pushed 
forwards  in  front  of  the  tumour.  They  have  an  even  and  smooth 
convex  surface,  so  long  as  the  lamina  vitrea  remains  intact. 
When  they  perforate  this  membi-ane  it  grows  more  rapidly, 
becomes  hour-glass  shaped,  and  presents  an  irregular  granular 
surface.  Sometimes  there  is  also  effusion  of  serum  or  blood 
beneath  the  retina.  They  may  increase  so  as  to  fill  the  whole 
globe  and  distend  its  walls  before  invading  the  extra-ocular 
tissues  of  the  orbit ;  but  in  many  cases  the  tissues  outside  the 
sclerotic  are  affected  by  the  new-growth,  whilst  the  tumour 
within  the  globe  is  quite  small ;  in  these  cases  the  cells  pass  to 
the  outside  by  means  of  the  sheaths  of  the  blood-vessels,  which 
are  seen  to  be  thickened  and  altered  by  the  presence  of  cells 
similar  in  character  to  those  of  the  tumour. 

The  state  of  tension  of  the  globe  is  of  importance,  as  it  helps 
us  to  form  some  idea  of  the  progress  which  the  new-growth  may 
have  made.  Thus,  if  the  tension  has  steadily  increased  to  +1, 
+  2,  or  +3,  we  infer  that  the  sclerotic  coat  is  still  unaffected. 
If  tension  is  reduced  from  +1,  2,  or  3  to  normal,  this  indicates 
that  there  may  be  thinning  of  this  tunic.  Should  the  tension 
be  diminished  to  —1,  —2,  or  —3,  we  know  that  the  sclerotic 
has  given  way  in  one  or  more  places,  and  so  offers  no  further 
resistance  to  the  intra-ocular  fluids. 

The  neighbouring  lymphatic  glands  are  not  affected,  but 
secondary  sarcoma  is  liable  to  be  set  up  in  distant  parts  of  the 
body,  the  cells  being  conducted  from  this  primary  source  by 
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means  of  the  blood-curi-ent.  The  liver  is  the  organ  wliich  is 
usually  first  affected  in  this  way. 

The  period  of  dui^ation  of  sarcoma  of  the  choroid  vaiies  from 
a  few  months  to  several  years. 

The  only  intra-ocular  tumom-  for  which  it  might  be  mistaken 
is  that  of  glioma,  which  we  shall  see  only  occurs  in  young 
children. 

The  treatment  consists  in  the  enucleation  of  the  eye  as  soon 
as  the  disease  is  recognised. 

In  removing  the  ej-e,  it  is  well  to  take  away  i  to  5  mm.  of 
the  optic  nerve,  and  to  examine  the  cut  end  of  this  after  removal. 
If  it  should  be  found  to  be  pigmented  or  thickened,  as  much  of 
the  remaining  nerve  as  possible  should  be  removed,  as  well  as 
any  other  tissues  that  may  be  considered  to  be  attacked  by  the 
new-growth.  Besides  this  removal  with  the  scissors  or  knife,  the 
treatment  of  the  orbital  contents  by  means  of  chloride  of  zinc 
paste  should  be  rigorously  carried  out,  as  the  only  possible 
means  of  saving  the  life  of  the  patient. 

Congenital  Affections  of  the  Tunica  Vasculosa. 

Irideremia,  or  congenital  absence  of  the  iris,  is  occasionally 
met  with.  Sometimes  the  iris  is  not  altogether  absent,  but  is 
only  represented  by  a  mere  rudimentary  band  of  tissue,  occupy- 
ing the  periphery  of  the  anterior  chamber.  This  affection  is 
often  accompanied  by  other  defects  of  the  eye,  such  as  partial 
dislocation  of  the  lens,  catai-act,  nystagmus,  and  imperfect  power 
of  accommodation. 

Coloboma  iridis  consists  ia  a  congenital  cleft  in  the  u-is. 
It  is  usually  directed  downwards,  or  downwards  and  slightly 
inwards,  and  may  easily  be  mistaken  for  the  gap  which  is  made 
by  iridectomy.  It  varies  in  extent,  and  sometimes  occurs  in 
both  eyes.  It  is  genei'ally  accompanied  by  coloboma  of  the 
choroid. 

Persistent  remains  of  the  pupillary  membrane  are  sometmies 
found.  This  membrane  is  a  foetal  structure,  which  closes^  the 
aperture  of  the  pupil.  Normally  it  disappears  before  birth. 
When  persistent,  it  appears  as  one  or  more  very  slender  threads 
extending  across  the  pupil,  and  attached  to  the  anterior  surface 
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of  the  iris.  It  can  be  best  seen  by  the  oblique  focal  ilkmiiua- 
tion. 

Coloboma  of  the  choroid  is  a  congenital  deformity,  which 
consists  in  the  absence  of  a  more  or  less  considerable  portion  of 
this  part  of  the  tunica  vasculosa  at  the  lower  and  internal  part 
of  the  globe.  "When  examined  by  means  of  the  ophthalmoscope, 
it  appears  of  a  bluish-white  colour ;  a  few  small  vessels  are  seen 
scattered  over  its  area,  and  masses  of  pigment,  varying  in  quan- 
tity, are  sometimes  present.  The  surface  of  the  sclerotic  often 
appears  very  irregular.  The  extent  of  the  coloboma  is  variable  ; 
it  usually  extends  from  the  edge  of  the  optic  disc  nearly  as  far 
as  the  ciliary  body.  It  may  embrace  the  optic  disc,  in  which 
case  the  latter  is  changed  in  appearance,  and  looks  as  if  it  were 
hyperjemic  by  contrast  with  the  white  area  round  it.  It  may 
occur  in  the  yellow  spot  region  :  it  is  often  accompanied  by  a 
coloboma  of  the  iris.  Occasionally  it  occurs  in  both  eyes,  but 
when  unilateral  the  left  eye  is  most  commonly  affected.  There 
is  of  course  a  large  scotoma  in  the  visual  field,  corresponding  to 
the  extent  of  the  coloboma,  but  otherwise  the  sight  in  some  cases 
is  fairly  good. 

Polycoria  is  a  peculiar  condition  in  which  the  natural  pupil 
is  divided  into  two  or  more  apertures  by  bands  of  iritic  tissue. 
It  is  an  exceedingly  rare  condition.  Sometimes  the  extra  pupil 
is  situated  at  the  periphery. 

Heterochromia  (heterophthalmos)  is  a  congenital  colour 
peculiarity  of  the  irides.  It  may  be  partial  or  complete.  Partial 
heterochromia  is  that  condition  in  which  a  segment  of  the  iris 
differs  in  colour  from  the  rest  of  the  membrane  ;  it  may  be  sym- 
metrical. Complete  heterochromia  is  when  the  iris  of  one  eye  is 
of  a  different  hue  to  that  of  the  other ;  the  colour  of  the  father's 
irides  will  correspond  to  one,  and  that  of  the  mother's  to  the 
other.  Small  dots  of  pigment  on  the  iris  may  be  mistaken 
for  foreign  bodies;  they  are  usually,  however,  multiple  and 
symmetrical. 

Albinism,  or  congenital  absence  of  pigment  throughout  the 
body,  may  be  rektive  or  absolute.  In  absolute  albinism  the 
pupils  and  irides  appear  pink  from  the  reflections  of  the  choroid, 
the  iris  also  on  account  of  the  blood  contained  in  its  vessels. 
This  condition  is  usually  attended  with  defective  visual  acuity, 
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photophobia,  and  nystagmus.  Upon  oplitliahnoscopic  examina- 
tion, the  choroidal  vessels  are  seen  most  distinctly  as  a  pink 


Fig.  61.— Graefe's  FiG.  62. 

Cataract  Kpife.  Iris  Forceps. 


fenestrated  membrane  upon  a  pale,  almost  white,  background. 
The  hair  is  usually  white  throughout  the  body.  In  reUUve 
albinism  the  hair  is  a  pale  straw  colour ;  the  irides  present  a  pale 
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purplish  hue,  and  do  not  completely  shut  off  the  choroidal  reflex ; 
the  symptoms  also  are  less  marked.  There  is  a  teiidency  to 
acquire  pigment  as  the  child  grows  (for  the  child  is  invariably 
brought  during  infancy) ;  the  improvement,  however,  is  rarely 
more  than  a  change  from  the  absolute  to  the  relative  condition. 


Congenital  crescent  is  a  peculiar  greyish-white  crescentic 
patch  immediately  below  or,  in  rarer  instances,  to  the  outer  side 
of  the  optic  disc.  The  disc,  excluding  the  crescent,  is  usually 
oval,  but  with  it  appears  circular  or  slightly  oval  in 
tiie  opposite  direction.    These  crescents  present  no  marginal 
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pigment,  whicli  is  so  often  seen  in  myopic  crescents  (compare  fig.  1 
opposite  p.  201,  with  fig.  1  opposite  p.  181)  ;  besides,  tliey  differ 
from  the  latter  in  being  usually  below  the  disc.  It  is  very  prob- 
able that  this  crescent  is  a  palatial  coloboma  of  the  choroid. 

Corectopia,  or  eccentric  pupil.  The  pupil  may  be  congenitally 
misplaced — so  much  so  that  it  may  be  situated  quite  at  the 
periphery,  close  to  the  sclero-corneal  junction.  It  is  a  rare 
deformity. 

Operations  on  the  Iris. 

Iridectomy  consists  in  the  excision  of  a  portion  of  the  iris. 
This  operation,  as  is  mentioned  under  the  different  headings,  is 
frequently  performed  in  various  affections  of  the  eye  ;  it  forms 
the  preliminary  stage  of  some  of  the  operations  for  the  extrac- 
tion of  cataract ;  it  constitutes  a  prominent  feature  in  the  treat- 
ment of  glaucoma ;  it  is  occasionally  resorted  to  in  purulent 
infiltration,  and  in  certain  forms  of  ulcer  of  the  cornea  ;  it  is 
adopted,  with  great  benefit,  in  many  cases  of  chronic,  recurrent, 
and  serous  iritis,  of  irido-choroiditis,  and  of  anterior  staphy- 
loma. 

Iridectomy  is  also  resorted  to  in  the  majority  of  cases  where 
an  artificial  pupil  is  required  for  optical  purposes,  as  in  central 
opacities  of  the  cornea,  wliich  cover  up  the  front  of  the  pupil, 
and  so  prevent  vision.  Also  in  some  forms  of  cataract,  as  the 
lamellar  and  the  anterior  pyramidal,  which,  having  become 
stationary,  are  still  sufficiently  clear  at  the  peripheral  zone  to 
admit  of  distinct  vision,  after  an  artificial  pupil  has  been  made. 

The  instruments  required  for  iridectomy  are  :  (1)  speculum, 
fig.  44 ;  (2)  fixation  forceps,  fig.  45  ;  (3)  either  a  bent  trian- 
gular keratome,  fig.  60,  or  Graefe's  cataract  knife,  fig.  61 ;  (4) 
a  pair  of  straight  or  curved  iris  forceps,  fig.  62  ;  (5)  a  pan-  of 
iris  scissors,  figs.  63  or  64. 

The  operation  varies  in  detail  according  to  the  object  with 
which  it  is  performed.  It  is  divided  into  two  stages  :  the  first 
stage  consists  in  opening  the  anterior  chamber  by  an  incision  of 
the  sclerotic  or  the  sclero-corneal  junction ;  the  second  in  seiz- 
ing, drawing  out,  and  excising  the  portion  of  iris  to  be  removed. 
When  the  operation  is  intended  for  the  relief  of  glaucoma,  or  for 
the  purpose  of  subduing  or  preventing  inflammatory  affections, 
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the  iridectomy  should  be  made  in  the  upward  direction,  so  that 
the  gap  thus  formed  in  tlie  iris  shall  be  situated  beneath  the  upper 
'  evelid.  The  patient  must  be  thoroughly  cocainised  upon  a  firm 
table  or  couch,  of  such  a  height  that  hia  head  reaches  the  level 
of  the  umbilical  region  of  the  operator,  who  stands  behind  the 
patient's  head.  The  eyelids  are  kept  open  by  means  of  a  spring- 
stop  speculum  (fig.  4'4),  and  the  globe  is  held  steady  by  seizing 
the  conjunctiva  and  subconjunctival  tissue  with  fixation  forceps 
(fig.  45)  at  the  part  immediately  opposite  to  that  at  which  the  in- 
cision is  about  to  be  made.  A  bent  triangular  keratome  (fig.  60) 
is  then  deliberately  inserted  into  the  sclerotic  at  from  1  to  2  mm . 


Fig.  Go.  — Iridectomj'  with  Keratome. 

from  the  edge  of  the  cornea,  and  pushed  downwards  across  the 
anterior  chamber  until  the  wound  thus  made  is  from  G  to  8  mm. 
wide  (see  fig.  G5).  In  doing  this,  the  instrument  is  passed  in 
obliquely  and  in  such  a  direction  that  if  continued  it  would 
cause  a  wound  of  the  iris  and  lens  ;  as  soon,  therefore,  as  its 
point  is  seen  through  the  clear  cornea,  the  handle  is  slightly 
depressed,  so  as  to  bring  the  blade  into  a  plane  anterior  and 
parallel  to  that  of  the  iris  (fig.  65). 

^  The  keratome  is  now  steadily  withdrawn.  In  doing  this  it 
is  important  to  keep  its  apex  well  away  from  the  plane  of  the 
nis  and  lens.     Its  withdrawal  is  accompanied  by  an  escape  of 
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the  aqueous,  wliich  may  cause  protrusion  of  the  iris  between  the 
lips  of  the  wound. 

The  keratome  is  now  laid  aside,  and  the  fixation  forceps  en- 
trusted to  an  assistant,  who,  if  necessary,  holds  the  globe  in  a 
state  of  slight  rotation  downwards,  but  loithout  undue  i^ressure  or 
traction.  The  closed  iris  forceps  (fig.  62)  are  now  passed  into  the 
anterior  chamber,  the  iris  is  seized  near  its  pupillary  edge,  and 
dragged  just  outside  one  angle  of  the  wound  ;  whilst  slight  trac- 
tion is  made  upon  it  in  this  position  a  snip  is  made  through  its 
outer  part  with  the  iris  scissors  (figs.  63  and  64)  in  the  manner 
shown  in  fig.  66 ;  the  portion  of  iris  held  in  the  forceps  is  then 
gently  drawn  across  to  the  other  angle,  and  the  excision  com- 
pleted as  near  to  its  periphery  as  possible.    Finally,  the  curette, 


Fig.  66.— The  Iridectomy. 


or  the  probe  (fig.  39),  should  be  passed  into  the  angles  of  the 
wound,  so  as  to  liberate  any  portion  of  iris  that  is  entangled  there, 
and  the  edges  of  the  wound  are  brought  into  exact  apposition. 
The  speculum  is  then  removed,  the  eyelids  are  gently  closed,  and 
a  lio-ht  compress  of  wet  lint  and  a  bandage  are  applied. 

When  the  anterior  chamber  is  very  shallow,  by  the  bulging 
forwards  of  the  iris  and  crystalline  lens,  the  danger  of  woundmg 
the  latter  is  lessened  by  the  use  of  the  linear  knife  (fig.  61),  as 
in  the  preliminary  iridectomy  for  cataract  extraction  (see  Cata- 
ract). Some  surgeons,  however,  always  make  use  of  the  Imear 
knife  in  performing  iridectomy. 

Mr  Streatfeild  makes  an  incision  at  the  periphery  of  the 
cornea  by  the  use  of  a  Sichel's  knife.    See  Cataract. 
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When  the  operation  is  i-equired  for  optical  purposes  only, 
the  position  of  the  new  pupil  necessarily  depends  upon  that 
of  the  lesion  of  the  cornea.  The  best  position,  when  possible, 
is  either  downwards  and  slightly  inwards,  or 
straight  downwards.  The  object  here  is  not  to 
remove  a  large  portion  of  the  iris,  but  only  so 
much  as  is  necessary  for  distinct  vision.  Instead 
of  the  large  bent  keratome,  a  narrower  one  (broad 
needle,  fig.  67)  is  employed  for  the  first  stage  of 
the  operation.  The  position  of  the  first  incision 
must  depend  upon  the  situation  in  which  the  new 
pupil  is  required.  When  this  is  only  slightly 
eccentric,  the  incision  can  be  made  just  within 
the  margin  of  the  cornea.  When  the  pupil  is 
required  to  be  opposite  the  margin  of  the  cornea, 
the  incision  must  be  made  in  the  sclerotic,  about 
1  mm.  beyond  the  sclero-corneal  junction.  The 
width  of  the  incision  should  in  either  case  be  at 
least  3  mm.  The  globe  is  fixed  by  the  assistant. 
The  iris  forceps  (fig.  62)  are  now  passed  into 
the  anterior  chamber,  and  the  iris  seized  at  its 
pupillary  edge  and  gently  withdrawn  through 
the  wound,  and,  whilst  held  in  this  position,  the 


Vm.  67.— Bent 
Broad  Needle. 


Iridectomy  for  Artificial  Pnpil. 


portion  which  is  outside  the  wound  is  snipped  off  close  to  the 
globe  with  the  iris  scissors  (see  fig.  68). 

When  the  pupil  is  required  to  extend  quite  to  the  margin 
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of  the  cornea,  slight  pressure  should  be  made  upon  the  globe  with 
the  scissors  as  the  iris  is  being  cut  away. 

Instead  of  the  iris  forceps,  a  Tyrrel's  hook  (fig.  C9)  may  be 
used.  This  is  introduced  on  the  flat,  and  passed 
as  far  as  the  centre  of  the  pupil ;  it  is  then 
half  rotated  downwards,  so  as  to  catch  the 
pupillary  edge  of  the  iris,  then  once  more  turned 
on  the  flat  and  withdrawn,  by  which  means  the 
iris  is  extracted,  and  cut  off"  as  before. 

The  accidents  and  complications  of  iridec- 
tomy. 1.  The  lens  may  be  wounded,  either 

during  the  insertion  or  the  withdrawal  of  the 
keratome.  This  is  a  very  serious  accident,  as 
it  is  sure  to  be  followed  by  partial  or  complete 
cataract. 

2.  The  blade  of  the   keratome  may  get 
between  the  layers  of  the  cornea,  instead  of 
passing  directly  into  the  anterior  chamber.  This 
accident  arises  from  it  being  held  too  obliquely 
at  the  co)nmencement  of  the  incision.    As  soon 
as  this  condition  is  discovered,  the  instrument 
should  be  immediately  withdrawn,  and  another 
position  selected  for  a  fresh  incision ;  if,  how- 
ever, the  blade  has  finally  entered  the  anterior 
chamber,  so  as  to  cause  escape  of  the  aqueous, 
the  eye  had  better  be  bandaged  up  at  once,  and 
the  operation  postponed  for  at  least  twenty- 
four  hours,  in  order  that   a  re-secretion  of 
aqueous  may  take  place  before  the  knife  is 
again  allowed  to  enter  the  anterior  chamber. 
Without  this  precaution,  the  iris  and  lens  are  so 
pushed  forward  after  the  escape  of  aqueous  that 
they  are  sure  to  be  wounded  at  the  time  of  the 
fresh  incision. 

3.  When  the  incision  is  made  in  the  sclerotic, 
there  may  be  considerable  hemorrhage  into  the 
.   •      -Uombpr  either  before  or  after  the  excision  of  the  ms. 

^^^t  o"w -a  with  tto  cnrette.     When  the  ~ 


Fig.  69.— Tyrrel's 
Hook  for  Iri- 
dectomy. 
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of  the  iris  is  completed,  no  anxiety  need  be  entertained  on 
account  of  the  presence  of  a  moderate  amount  of  blood  in  the 
anterior  chamber,  as  it  usually  becomes  absorbed  within  a  few 
days. 

Iridodesis  (G.  Critchett)  consists  in  drawing  the  pupillary 
edge  of  the  iris  through  a  small  opening  in  the  margin  of  the 
cornea,  and  securing  it  by  a  fine  silk  ligature  on  the  outside. 

The  incision  is  made  immediately  in  front  of  the  sclero- 
corneal  junction,  by  means  of  a  broad  needle,  bent  at  an  obtuse 
angle.    The  needle  is  then  removed,  and  a  loop  of  iine  black 
silk  is  placed  immediately  around  the  wound.    A  Tyrrel's  hook 
or  a  pair  of  iris  forceps  is  then  passed  through  the  loop  and 
wound  into  the  anterior  chamber,  and  the  pupillary  edge  of 
the  iris  seized  and  withdrawn  through  the  wound  to  the  de- 
sired extent.    Whilst  the  iris  is  held  in  this  position  by  the 
operator,  the  two  ends  of  the  ligature  are  picked  up  bv  the 
assistant,  by  means  of  broad  cilia  forceps  ;  they  are "  then 
tightened  close  to  the  surface  of  the  cornea,  and  the  knot  is 
completed.     The  strangulated  portion  of  iris  quickly  shrinks, 
and  the  ligature  can  be  removed  after  a  few  days.     By  this 
means  the  original  pupil  is  shifted  to  one  side,  and  a  new 
somewhat  pear-shaped  pupil  is  formed. 

This  method  is  particularly  useful  in  certain  cases  of  conical 
cornea  and  lamellar  cataract,  also  where  a  central  nebula  of  the 
cornea  is  sufficient  to  blur  the  vision,  though  not  to  exclude 
the  light ;  the  original  pupil  being  obliterated  by  the  traction 
upon  the  ins,  the  rays  which  formerly  passed  through  the  nebula 
are  now  excluded,  whilst  the  new  pupil  only  admits  those  rays 
which  pass  through  the  clear  part  of  the  cornea.  Iridodesis 
was  formerly  practised  somewhat  extensively  by  G  Critchett 
Bowman,  and  others ;  but  the  occurrence  of  sympathetic  irrita- 
tion and  of  sympathetic  ophthalmitis  in  a  few  cases  where  the 
adoptr       ^^^"^  performed  has  caused  it  to  be  less  frequently 

Iridotomy  (iritomy)  consists  in  the  formation  of  artificial 
pupil  by  simple  incision  of  the  iris.  It  can  only  be  safely 
adopted  when  the  crystalline  lens  is  absent,  and  is  mostly 
applied  to  those  cases  in  which  the  iris  has  become  tightly 

p 


210   DISEASES  OF  IRIS,  CILIARY  BODY,  AND  CHOROID. 


drawn  upwards  towards  the  cicatrix  as  the  result  of  inflanmia- 
tion  after  the  extraction  of  cataract. 

Operation. — The  eyelids  being  separated,  and  the  globe 
steadied,  as  in  the  previous  operations,  a  narrow  lance-shaped 
keratome  (fig.  67)  is  plunged  through  the  upper  part  of  the 
cornea  about  2  mm.  from  the  sclero-corneal  junction  ;  it  is  then 
pushed  onwards  through  the  membranous  exudation  to  the  back 
of  the  iris,  and  finally  withdrawn.     The  iridotomy  scissors 
(fig.  64)  are  now  passed  through  the  corneal  wound,  their  blades 
being  closed  ;  as  soon  as  they  reach  the  iris,  one  blade  is  passed 
behind  and  the  other  in  front  of  that  structure,  which  is  now 
divided  by  a  single  snip  from  above  downwards;  this  single 
incision  is  usually  followed  by  immediate  separation  of  the  cut 
edges  so  as  to  form  a  slit-like  or  triangular  pupil.    In  some 
cases  it  is  necessary  to  make  a  second  incision  at  an  acute 
angle  with  the  first,  so  as  to  include  a  V-shaped  piece  of  iris, 
which  can  either  be  left  to  atrophy  or  be  removed.    My  col- 
league, Mr.  Anderson  Critchett,  has  a  dexterous  method  of 
detaching  and  bringing  away  this  triangular  piece  of  iris  with 
the  same  iridotomy  scissors. 

Iridotomy  is  also  practised  by  De  Wecker  and  others  for 
the  production  of  artificial  pupil  in  certain  cases  of  lamellar 
cataract,  &c. ;  the  advantage  claimed  being  that  the  small  slit- 
like  aperture   thus   obtained  is  better  for  optical  purposes 
than  the  larger  opening  produced  by  even  a  small  iridectomy. 
In  such  a  case  the  incision  in  the  cornea  must  be  made  at  the 
side  opposite  to  that  at  which  the  new  pupil  is  requn^ed ; 
it  should  be  about  4  mm.  wide.     De  Wecker's  mdotomy 
scissors  (fig  64)  are  now  carefully  introduced  to  the  anterior 
chamber ;  having  reached  the  pupU,  the  blunt-ended  blade  is 
passed  behind  the  iris,  between  it  and  the  capsule;  the  other 
blade,  which  is  usually  gilt,  is  passed  in  front  of  the  iris  m  the 
direction  of  the  desired  pupil;  the  iris  is  now  divided  by  a 
single  cut,  and   the   closed   instrument  is  cautiously  with- 
drawn. 
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CHAPTER  VII. 

DISEASES  OF  THE  OPTIC  NERVE  AND  RETINA. 

ANATOMY  AND  PHYSIOLOGY  OP  THE  OPTIC  NEBVE — ASPECT  OP  THE  HEALTHY 
DISC — ANATOMY  OP  THE  RETINA — PHYSIOLOGY  OP  THE  EETINA — 
ASPECT  OP  THE  HEALTHY  EETINA — PULSATION  OP  THE  RETINAL 
VESSELS — CONGENITAL  ANOMALIES— HYPEREMIA  OP  THE  OPTIC  DISC 
— OPTIC  NEURITIS — OPTIC  ATROPHY— HEMORRHAGES  OP  THE  OPTIC 
NEBVE— RETINAL  ISCHiEMIA — EMBOLISM  OP  THE  CENTRAL  ARTERY — 
RETINAL  HJ3M0BRHA6ES — ALBUMINURIC  RETINITIS— SYPHILITIC  RE- 
TINITIS— PIGMENTARY  RETINITIS — DETACHMENT  OP  THE  RETINA — 
GLIOMA  OP  THE    RETINA— PSEUDO-GLIOMA. 

Anatomy  and  Physiology  of  the  Optic  Nerve. — Each  optic  tract 
arises  by  two  roots,  of  which  the  external  (anterior  brachium) 
takes  origin  from  three  centres  of  grey  matter — viz.  the  optic 
thalamus,  the  external  geniculate  body,  and  the  anterior  tuber- 
cles (nates)  of  the  corpora  quadrigemina — the  three  ■primary  visual 
centres  (Foster) ;  while  the  internal  (posterior  brachium)  arises 
from  the  internal  geniculate  body  and  the  posterior  tubercles 
(testes)  of  the  corpora  quadrigemina.   The  fibres  which  form  the 
posterior   brachium  resolve  into  the   inferior  commissure  of 
Gudden,  and   the   fibres   of  Meynert;   they   are   not  true 
visual  fibres.     The   true  optic  centres  are  connected  with 
the  cerebral  cortex  by  a  system  of  fibres— i/ie  visual  tract— 
which  pass  upwards  through  the  internal  capsule  in  the  hinder 
part  of  the  main  sensory  tract  and  spread  out  in  the  ojjtic  radia- 
tion to  the  cortex  of  the  occipital  lobe.    Its  exact  cortical 
centre  has  not  at  present  been  accurately  determined,  though  it 
appears  highly  probable  from  recent  post-mortem  examinations 
in  cases  of  hemianopsia  that  it  is  situated  in  the  cuneus  and 
posterior  extremity  of  the  uncinate  gyrus  (lingual)— that  is  to 
say,  at  the  apex  of  the  occipital  lobe,  and  probably  more  on  the 
mesial  than  the  external  aspect  of  the  hemisphere.     A  few 
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fibres  of  the  optic  tract  are  said  to  pass  directly  to  the  cortex 
without  the  interruption  of  basal  ganglia  (direct  tract).  The 


Fig.  70. — Diagram  to  illustrate  the  Nervous  Apparatus  of  Vision. 

(Sherrington.) 

L  left  eye  •  E  right  eye  :  o.x,  optic  axis  :  F,  outline  of  face  between  tlie  eyes  ;  Oii.T,  right  optic- 
'  tract  (shaded)  ;  Op.  De,  optic  decussation ;  L.F.L  and  L.P.E,  the  left  visual  fields  of  the 
left  and  right  eye  respectively;  G.L,  corpus  geniculatum  externum;  Pv,  the  pulvinar,  and 
AQ  corpus  quadrigeminum  anterius  (all  stippled)  ;  Op.  rad.,  optic  radiation  ;  E.Oc,  the  ngnt 
occipital  lobe  whose  stippled  cortex  indicates  the  'visual  area'  ;  d,  the  direct  tract  to 
cortex  •  cc  corpus  caUosum ;  l.v.d,  descending  horn  of  lateral  ventricle ;  Fr  indica.tes 
the  cortical'motor  area  for  the  eyes  ;  f.m.c,  the  motor  path  from  the  cortex  to  the  nuclei  ol 
the  third,  fourth,  and  sixth  nerve-nuclei,  iii,  iv,  vi. 

oiitic  trad  formed  by  the  union  of  its  two  roots  then  passes 
forwards  along  the  postenor   inferior  surface   of  the  optic 
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thalamus,  winds  round  the  crus  cerebri,  and  runs  along  the  side 
of  the  tuber  cinereum  to  the  front  of  the  infundibulum, 
where  it  unites  with  the  optic  tract  of  the  opposite  side 
to  form  the  o'ptic  commissure  or  chiasma.    While  crossing  the 
grey  matter  forming  the  floor  of  the  third  ventricle  it  gives 
off  the  fibres  of  Meynert,  and  at  the  chiasma  the  rest  of  the  fibres 
of  the  posterior  brachium  arch  back  along  the  opposite  tract  to 
the  internal  geniculate  body  of  the  other  side.     The  fibres  from 
the  anterior  brachium  undergo  semi-decussation :  the  greater 
part  passes  to  the  nasal  half  of  the  retina  of  the  opposite  eye,  the 
rest  supply  the  temporal  half  of  the  eye       the  same  side  (fig. 
70).  From  the  optic  commissure  the  two  optic  nerves  arise,  and 
pass  forwards  and  outwards  to  the  two  optic  foramina.  As  they 
pass  thi-ough  these,  they  become  invested  by  prolongations  from 
the  pia  mater  and  the  dura  mater  of  the  brain.  Each  nerve  is  about 
4i  mm.  in  diameter,  and  its  orbital  portion  is  about  28  mm.  in 
length.    The  nerve  is  made  up  of  numerous  bundles  of  nerve- 
fibres,  with  intervening  septa  of  connective  tissue.    The  nerve- 
fibres  possess  the  white  substance  of  Schwann,  but  are  devoid  of 
the  external  primitive  sheath  ;   the  axis  cylinders  with  their 
fatty  insulation  are  supported  by  a  very  delicate  network  of  fine 
connective  tissue  (neuroglia).    The  ophthalmic  artery  entirely 
supplies  the  optic  nerve  with  blood. 

Near  the  globe  (about  10  mm.  behind  it)  the  optic  nerve 
is  penetrated  by  the  central  artery  of  the  retina  with  its  vein. 
These  are  accompanied  by  distinct  lymphatic  sheaths,  and  pass 
obliquely  to  the  centre  of  the  nerve.  The  central  artery  of  the 
retina  does  not  supply  the  optic  nerve  with  blood,  though  it 
gives  off  a  few  minute  branches  immediately  behind  the  lamina 
cribrosa,  which  pass  forward  in  a  parallel  direction  to  supply 
that  structure  and  the  optic  papilla. 

The  pial  sheath  is  a  fibro-vascular  structure,  which  closely 
invests  the  nerve,  and  sends  off  numerous  bands  between  the 
fibres  of  the  latter,  so  as  to  form  a  network  of  trabecular 
tissue ;  the  trabeculse  thus  formed  give  off  still  finer  connective- 
tissue  filaments,  which  extend  between  the  nerve-fibres.  The 
pial  sheath  terminates  anteriorly  by  blending  with  the  inner 
fibres  of  the  sclerotic  at  the  edge  of  the  optic  disc.  It  is 
supplied  with  blood  from  the  branches  of  the  ophthalmic  artery. 
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and  thus,  by  its  continuity  with  the  pia  matev,  establislies  arterial 
communication  between  the  intracranial  and  orbital  arteries. 

The  dural  sheath  forms  a  complete  fibrous  investment  t(? 
the  nerve,  and  terminates  anteriorly  by  blendhig  with  the 
sclerotic  at  the  optic  nerve  entrance. 

The  inter  sheath  sioace  is  the  space  between  these  two  mem-r 
branes,  and  is  considered  to  be  a  lymph  space  (Schwalbe).  It 
is  imperfectly  divided  by  a  delicate  prolongation  of  connec- 
tive tissue  from  the  arachnoid  membrane  of  the  brani ;  this  is 
attached  partly  to  the  dural,  and  partly  to  the  pial  sheath.  The 
iiitersheath  space  communicates  posteriorly  with  the  subdural 
space  of  the  brain,  and  anteriorly  with  certain  lymph  spaces  in 
the  optic  nerve  at  the  lamina  cribrosa. 

The  optic  disc  or  papilla  (fig.  71)  is  formed  by  the  radiating 
fibres  of  the  optic  nerve  immediately  after  their  passage  through 
the  openings  in  the  sclerotic  and  choroid  at  the  back  of  the  eye. 
The  sclerotic  opening,  as  we  have  just  seen,  is  guarded  by  the 
lamina  cribrosa.  In  front  of  this  is  a  delicate  layer  of  connective 
tissue  containing  capillaries,  which  is  derived  from  the  choroid. 
The  capillaries  of  the  disc  are  supplied  from  three  sources-viz. 
the  posterior  short  ciliary  arteries  of  the  choroid,  the  central 
artery  of  the  retina,  and  the  arterial  twigs  of  the  pial  sheath. 
These  three  sets  of  vessels  anastomose  freely  at  the  optic  disc. 
As  the  nerve-fibres  pass  through  the  lamina  cribrosa  they  become 
divested  of  their  medullary  sheaths  (white  substance  of  Schwann), 
and  are  reduced  to  axis  cylinders  only,  surrounded  by  a  little 
transparent  gelatinous  substance  (neuroglia).    Being  thus  ren- 
dered quite  transparent,  they  radiate  towards  the  retina 

When  examined  ivitJi  the  ophthalmoscope,  the  healthy  optic 
disc  usually  appears  as  a  whitish  circular  area  surix)unded  by 
the  orange-coloured  groundwork  formed  by  the  choroid.  It 
usually  has  a  slight  pinkish  tint,  such  as  is  presented  m  fig^^  l 
and  2,  opposite  p.  177  ;  but  its  appearance  is  subject  to  numei 
ous  s  igh  variations,  which  can  only  be  learned  by  frequent 
xlminltion  of  healthy  fundi.  The  ^-^^^  ^^^^ 
chiefly  by  the  lamina  cribrosa,  which  shmes  through  the  tians 
;ai:nt  /erve-fibres,  partly  by  the  white  subs^^^^^^^^^  o  he  ne^^^^^^ 
Laths  which  terminates  just  behind  the  '  ^ 
most  marked  at  the  outer  part  of  the  disc,  where  the  hbies  are 
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thinnest.  The  pinkish  tint  is  due  to  the  presence  of  capillaries, 
and  is  more  marked  when  these  are  distended  than  when  they 
contain  but  little  blood.  In  fair  persons,  where  the  pigment- 
laver  of  the  retina  is  thin,  the  disc  often  appears  darker  by 
contrast  with  the  rest  of  the  fundus  than  in  persons  of  dark 
complexion.  It  occasionally  happens  that  the  disc  looks  quite 
white,  although  the  visual  and  other  functions  of  the  eye  are 
normal. 


ac'r 


Fig.  71.— Normal  Optic  Disc.    (Photomicrograpli  x  75.) 
n,  retina ;  c,  choroid  ;  on,  optic  nerve  ;  acr,  arteria  centralis  retina. 

The  central  artery  of  the  retina  is  seen  to  emerge  from  the 
depths  of  the  optic  nerve  rather  to  the  inner  side  of  the  centre 
of  the  disc ;  it  sometimes  divides  before  traversing  the  lamina 
cribrosa,  but  more  commonly  its  point  of  bifurcation  is  anterior 
to  that  structure,  and  can  be  seen  from  the  front.  The  two 
chief  divisions  thus  formed  pass  vertically,  the  one  upwards  and 
the  other  downwards,  to  the  retina  (see  Eetina).  The  central 
vein  accompanies  the  artery,  and  is  distinguished  by  its  some- 
what darker  colour  and  larger  size. 

Along  the  margin  of  the  disc  there  is  often  seen  a  small 
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patch  or  line  of  dark  pigment.    It  may  occur  at  any  part  of 
the  circumference,  and  is  of  no  pathological  importance. 

The  retina  is  a  delicate  membrane  containing  the  terminal 
end-organs  of  the  fibres  of  the  optic  nerve,  supported  by  a  con- 
nective-tissue framework.    It  lies  between  the  choroid  and  the 
vitreous  humour,  and  extends  from  the  optic  disc  to  the  outer 
part  of  the  ciliary  processes,  where  it  presents  a  finely  indented 
border,  the  ora  serrata.    At  this  point  the  nervous  elements  of 
the  retina  cease,  but  the  connective-tissue  framework  is  con- 
tinued forwards  under  the  name  of  the  pars  ciliaris  retince  as 
far  as  the  zonula.    At  the  back  of  the  retina  is  a  layer  of  hexa- 
gonal pigment-cells  which  is  continuous  with  the  pigmentary 
layers  of  the  iris  and  ciliary  body  already  described.    This  layer 
adheres  to  the  choroid  when  the  latter  is  separated  from  the 
retina  ;  it  was  formerly  considered  to  belong  to  that  membrane, 
but  the  study  of  the  development  of  the  part  shows  that  it 
belongs  to  the  retina.    By  carefully  removing  the  anterior 
portion  of  the  globe  with  scissors,  and  clearing  away  the  vitreous 
(immediately  after  an  eye  has  been  excised  from  the  living 
subject),  we  find  that  the  inner  surface  of  the  retina  is  smooth, 
and  that  its  substance  is  quite  transparent.    About  3  mm.  to 
the  inner  side  of  the  posterior  pole  of  the  globe  is  seen  a  white 
circular  disc  of  about  1-6  mm.  diameter.    This  is  the  opiic  disc 
or  paiMa  (p.  214),  from  the  centre  of  which  the  radiating  retinal 
veins  are  plainly  visible  as  red  streaks.    At  the  posterior  pole 
the  brown  colour  of  the  pigmentary  layer  is  observed  to  be 
intensified  over  a  small  area  ;  this  is  the  yellow  spot  {macula 
luted),  and  if  the  segment  of  the  globe  be  placed  in  water  and 
examined  under  a  low  power  of  the  microscope,  this  area  will  be 
found  to  be  depressed  at  the  centre  •.  the  depression  is  the  fovea 
centralis     In  most  cases  also  there  will  be  found  a  yellowish 
appearance,  hence  the  name  of '  yellow  spot '  which  has  been  given 
to  this,  the  most  sensitive  portion  of  the  retina,  although  ni  some 
cases  the  difference  of  colour  between  this  region  and  the  re- 
mainder of  the  retina  is  extremely  slight.    The  yellow  spot 
region  is  about  1-25  mm.  in  diameter,  and  is  somewhat  elliptical 
in  shape,  the  long  axis  being  horizontal. 

Microscoino   anatomy .-"T^^^  elementary  structures  of  the 
retina  are  arranged  in  several  layers,  the  chief  of  which  are 
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shown  in  fig.  72.  These  may  be  enumerated  from  before  back- 
wards, as  follows : 


1.  The    internal  limiting 

membrane 

2.  The  nerve-fibre  layer 

3.  The  ganglionic  layer 

4.  The  inner  molecular  layer 

5.  The  inner  granular  layer 

6.  The  outer  molecular  layer 


7.  The  outer  granular  layer 

8.  The  outer  limiting  mem- 

brane 

9.  The  rods  and  cones 

10.  The  pigmentary  layer 

11.  The  connective-tissue 

framework 


1.  The  internal  limiting  membrane  is  very  thin  and  im- 
perfect ;  its  inner  surface  rests  against  the  vitreous  humour, 
while  its  outer  surface  is  in  contact  with  the  nerve-fibre  layer, 
and  is  intimately  connected  with  the  terminal  extremities  of  the 
fibres  of  Miiller. 

2.  The  nerve-fihre  layer  is  formed  by  the  fibres  of  the  optic 
nerve  on  their  way  to  the  ganglion  cells  ;  these,  as  we  have 
seen,  consist  simply  of  the  axis  cylinder  surrounded  by  a  little 
neuroglia. 

3.  The  layer  of  ganglion-cells  is  composed  of  structures 
similar  to  those  of  nerve-centres.  They  are  multipolar  cells 
•containing  a  nucleus  and  a  bright  nucleolus  ;  their  prolongations 
are  directed  inwards  to  communicate  with  the  axis  cylinders  of 
the  nerve-fibre  layer,  and  outwards  towards  the  inner  molecular 
layer. 

4.  The  inner  molecular  layer  is  composed  of  fine  fibrillas 
n-regularly  disposed  amongst  grey  amorphous  molecules. 

5.  The  inner  granular  layer  (inner  nuclear  layer)  consists  of 
two  kinds  of  cellular  elements,  and  two  kinds  of  fibres.  The 
larger  cells  are  nerve-cells,  and  are  similar  to  the  bipolar 
ganglion-cells,  having  a  large  nucleus  and  a  small  nucleolus. 
Each  of  these  cells  has  two  tail-like  processes— one  passes  to 
-the  outer  granular  layer  to  anastomose  with  the  nerve-element 
of  that  part,  the  other  goes  inwards  and  is  lost  in  the  inner 
molecular  layer.  The  other  cells  of  this  layer  are  connected 
Tvith  the  fibres  of  Miiller. 

6.  The  outer  molecular  layer  is  similar  to  the  inner 
molecular. 

7.  The  outer  granular  layer  (or  outer  nuclear)  consists  of 
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nerve  elements  and  of  connective- tissue  elements,  like  the  inner 
granular  layer.  The  nerve  elements  consist  of  bipolar  cells 
(containing  nuclei  and  granules),  from  which  delicate  fibres  pass 
inwards  to  the  inner  granular  layer,  and  outwards  to  the  rods 
and  cones.  The  nuclei  thus  connected  with  the  cones  are 
situated  nearer  to  the  external  limiting  membrane  than  those 
communicating  with  the  rods,  the  cone-fibres  being  shorter  than 
the  rod-fibres. 

8.  The  external  limiting  memhrcme  is  the  expansion  formed 
by  the  terminal  extremities  of  the  fibres  of  Miiller.    It  is  a  well- 


Fig.  72.— Normal  Retina.    (Photomicrograph  x  300.) 

,  „„.  „,,,  membrana  Umitans  externa;  ox,  outeriiuclear  layer ;  ost,  outer 

Bandc  rods  and  cones    ^^^^'^^^.''Llr ,  im,  inner  molecular  layer;  nc,  ne.ve-ceU  layer; 
K^neJ^e-flbTe  lay?r';  M"rmembr^^^^^  i>^terna.  (.>V..-Pigmentary  layer  absent.) 

marked  membrane  and  separates  the  outer  nuclear  layer  from 

the  rods  and  cones.  _        .    ^      ^  p 

9  The  layer  of  rods  and  cones  is  the  most  important  part  ot 
the  retina.  The  rods  are  cylindrical  in  form  ;  the  cones  are 
shorter,  thicker,  and  bulged  at  the  inner  extremity  whilst  they 
terminate  externally  by  a  tapering  filament 
cones  are  placed  side  by  side,  perpendicularly  to  the  plane  of  the 
retina  between  the  external  limiting  membrane  and  the  pig- 
f.'v^  Inver  They  are  divided  into  two  segments-an  outer 
rdtninner-TlleoLrsegmentspresentafib^^^ 
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and  have  a  remai'kable  tendency  to  split  up  spontaneously  into 
Jiighly  retractile,  superposed,  circular  discs,  presenting  the 
appearance  of  a  pile  of  coins  ;  they  are  unaffected  by  cai-mine, 
iodine,  and  other  stains.  The  inner  segments  are  singl}^  refrac- 
tile,  stain  with  carmine,  are  finely  fibrillated,  and  are  connected 
by  fine  filaments  with  the  nuclei  in  the  outer  granular  layer. 
The  broad  base  of  the  cones  is  seen  to  be  connected  with  a 
prominent  nucleated  cell  immediately  subjacent  to  the  external 
limiting  membrane,  from  which  a  nervous  filament  can  be  traced 
inwards  as  far  as  the  external  molecular  layer,  where  it  becomes 
lost  to  view.  In  the  dark,  the  cones  pi'otrude  into  the  pig- 
mentary granules  and  appear  pedunculated  ;  when  exposed  to 
light  they  retract  and  appear  sessile  on  the  membrana  limitans 
externa. 

10.  The  pigmentari/ layer  hounds  the  retina  externally.  It 
consists  of  a  single  layer  of  hexagonal  nucleated  cells.  The 
outer  surface  of  each  cell  is  smooth,  flattened,  and  devoid  of 
pigment ;  the  inner  surface  is  loaded  wi|3h  pigment-granules, 
and  is  prolonged  by  filamentous  processes  into  the  region  of  the 
rods  and  cones. 

11.  The  connective-tiss'ue  frameiuorh  is  composed  of  fibres 
called  the  fibres  of  Miiller,  which  traverse  the  various  retinal 
layers  from  the  external  to  the  internal  limiting  membrane, 
and  which  spread  out  on  reaching  each  of  these  layers.  Some 
writers  assert  that  the  fibres  of  Miiller  are  epithelial  structures, 
and  do  not  belong  to  the  connective  tissues,  being  derived  from 
the  ectoderm,  or  neuro-epithelial  layer  of  the  embryo. 

At  the  yellow  spot  the  structures  just  mentioned  become 
greatly  modified.  There  are  no  rods,  and  the  cones  which 
occupy  this  region  are  elongated,  and  narrower  than  in  other 
parts  of  the  fundus.  All  the  other  layers  are  greatly  thinned 
at  the  fovea  centralis,  but  towards  the  margin  of  this  they  are 
for  the  most  part  thicker  than  over  the  rest  of  the  retina.  The 
ganglionic  layer  is  especially  increased  in  thickness.  The  nerve- 
fibre  layer  becomes  gradually  thin  towards  the  edge  of  the 
fovea,  owing  to  the  dipping  of  its  fibres  to  join  the  ganglion- 
cells. 

At  the  era  serrata  th^  layers  of  the  retioa  terminate  almost 
abruptly ;  only  the  fibres  of  Miiller  are  continued  as  trans- 
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parent,  columnar,  epithelial-like  cells,  each  witli  an  oval  nucleus 
(Scliwalbe). 

The  vascular  supply  of  the  retina  is  derived  entirely  from 
the  central  artery  of  the  retina,  with  the  exception  of  a  slight 
anastomosis  with  the  choroidal  vessels  at  the  optic  disc.  There 
is  no  anastomosis  with  the  ciliary  vessels  at  the  ora  serrata. 
The  artery  breaks  up  into  an  upper  and  lower  branch  on  the 
disc.    These  branches  then  bend  outward,  giving  off  twigs  in 
their  course,  and  describe  a  large  ellipse  around  the  yellow  spot. 
A  great  number  of  capillary  meshes  are  formed  around  the 
latter  and  in  its  outer  margin,  but  no  vessels  reach  the  fovea 
centralis.    Each  artery  has  generally  a  vein  accompanying  it, 
so  that,  as  a  rule,  four  chief  vessels  are  seen  upon  the  disc.  The 
larger  vessels  occupy  the  nerve-fibre  layer,  but  the  capillaries 
ramify  wholly  in  the  middle  portion  of  the  retina,  and  never  pass 
external  to  the  inner  granular  layer.    There  are  two  chief  net- 
works of  capillaries,  one  in  the  inner  granular  layer,  and  the 
other  in  the  layer  of  ganglion-cells. 

The  Itjmiohatics  of  the  retina  exist  around  the  vessels  in  the 
form  of  perivascular  lymph  spaces.  They  can  be  injected  from 
the  optic  nerve  beneath  the  pial  sheath  (Schwalbe). 

Physiology  of  the  retina.— The  rods  and  cones  of  the  retina 
may  be  considered  as  the  terminal  organs  of  the  optic  nerve. 
Their  function  is  to  receive  the  waves  of  light  which  impinge 
on  the  retina,  and  to  convert  the  vibrations  of  these  into  impulses 
which  are  capable  of  being  conducted  along  the  nerve-fibres  of 
the  retina,  the  optic  nerve,  and  optic  tract,  to  the  bram  (see 
fig  70)     The  effect  produced  in  the  brain  is  perceived  by  the 
mind  as  the  sensation  of  Urjlvt.    The  organ  in  the  brain  with 
which  these  are  connected  being  incapable  of  conveying  to  the 
mind  any  other  sensation  than  that  of  light,  the  same  sensation 
is  produced  whether  the  stimulation  is  mechanical,  electrical, 
or  what  not,  and  in  whatever  part  of  the  course  of  the  conducing 

chain  it  is  applied.  ,  ,.        i  •  i 

It  is  generally  believed  that  the  ethereal  undulations  which 
constitute  light,  having  traversed  the  retina,  are  reflected  from 
the  choroid  in  their  passage  back  through  the  retina  they 
are  polarised  by  the  outer  segments  of  the  rods  and  cones,  and 
the  Wnous  movements  are  changed  into  molecular  movements 
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which  traverse  the  retinal  layers  to  reach  the  nerve-fibres, 
whence  they  are  conducted  to  the  brain. 

In  consequence  of  the  optical  properties  of  the  eye  and  the 
arrangement  of  the  retinal  elements,  each  of  the  latter  receives 
light  from  one  point  in  the  visual  field,  and  from  no  other  ;  this 
correspondence  between  the  element  wliich  is  excited  and  the 
position  of  the  point  from  which  the  light  proceeds  enables  us  to 
judge  of  the  relative  position  of  the  points  where  images  are 
formed  in  the  retina.  Our  judgment,  however,  receives  much 
unconscious  support  from  other  senses,  and  many  sensations 
Avhich  seem  to  be  simply  visual — such  as  the  sense  of  size, 
distance,  and  solidity — are  in  reality  complex,  and  dej)end  to  a 
great  extent  on  the  teaching  of  experience,  on  muscular  sense 
which  tells  us  the  position  the  eyes  are  in,  on  the  amount  of 
convergence  and  accommodation  used,  and  on  a  comparison  with 
well-known  objects. 

For  distinct  vision  the  image  of  the  object  must  fall  upon 
the  yellow  spot,  or  rather  its  central  part;  the  fovea  centralis. 
This  is  called  direct  vision,  in  opposition  to  indirect  vision,  whicli 
occurs  when  the  image  falls  on  any  other  portion  of  the  retina. 

In  order  that  two  points  may  give  rise  to  separate  visual  im- 
pressions their  images  must  be  at  least  0-002  mm,  apart ;  for, 
since  this  is  approximately  the  diameter  of  the  cones,  images 
which  were  nearer  together  than  this  would  only  stimulate  one 
cone,  and  therefore  give  rise  to  but  one  visual  impression. 

Over  the  optic  disc  there  is  no  retina,  and  therefore  no 
perception  of  light— hence  this  point  is  called  the  blind  spot,  and 
its  existence  is  shown  by  the  familiar  ex]^)eriment  of  making  a 
dot  and  a  small  circle  about  6  cm.  apart,  the  dot  being  placed 
to  the  left.  If,  with  the  left  eye  shut,  the  right  eye  views  the 
dot  steadily  when  held  near  to  and  in  front  of  the  eye,  the  circle 
will  usually  be  also  in  view.  On  moving  the  paper  slowly  away 
from  the  eye  the  circle  will  be  found  to  vanish,  and  on  moving 
It  still  farther  away  it  will  again  come  into  view.  When  it 
vanished  from  sight  its  image  fell  wholly  on  the  blind  spot 
This  occurs  when  the  distance  of  the  dot  from  the  eye  is  about 
four  times  that  between  the  dot  and  the  circle.  The  percipient 
elements  of  the  retina  are  the  rods  and  cones,  especially  their 
outer  segments.    This  is  proved  by  the  fact,  firstly,  that  only 
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cones  are  found  ovei-  the  fovea  centralis  ;  secondly,  that  the 
vessels  of  the  retina  can  be  perceived  entoptically  under  certain 
conditions.  If  a  thin  metal  disc,  having  a  pin-hole  aperture  at 
its  centre  and  a  piece  of  pale  blue  glass  behind '  it,  be  rapidly 
moved  in  a  small  circle  in  front  of  the  pupil  v^hile  we  steadily 
look  through  the  pin-hole  at  a  white  cloud,  a  complete  outline  of 
all  the  network  of  capillaries  around  the  fovea  centralis  can  be 
speedily  obtained.  Purkinje's  experiments,  as  described  in  text- 
books of  physiology,  also  show  the  existence  of  the  blood-vessels 
to  be  in  front  of  the  sensitive  elements  of  the  retina. 

Corresponding  retinal  areas.  —In  order  that  the  two  retinal 
images  of  an  object  may  give  rise  to  a  single  visual  impression, 
it  is  necessary  that  images  should  fall  upon  corresponding  retinal 
areas.    Thus  the  upper  halves  of  the  retinte  correspond,  and 
also  the  lower  halves  ;  but  the  nasal  side  of  one  retina  corre- 
sponds to  the  temporal  side  of  the  other,  and  vice  versa.  When 
we  see  (in  indirect  vision)  to  the  left  side,  it  is  not  so  much 
with  the  external  part  of  the  right  as  with  the  internal  part 
of  the  left  retina,  and  vice  versa.    Now  all  rays  affecting  the 
external  aspect  of  the  retina  come  from  the  nasal  visual  f.eld ; 
and  this  field,  tested  separately  for  each  eye,  is  always  found 
deficient  in  extent  compared  to  the  temporal  visual  field,  even 
when  the  influence  of  the  projecting  bridge  of  the  nose  is 
eliminated  (Landolt).    It  is  probable  that  it  is  only  when  the 
images  fall  near  the  central  part  of  the  retina  that  they  contmue 
to  form  a  single  visual  impression  ;  when  one  falls  near  the 
centre,  and  the  other  on  a  very  peripheral  part,  the  latter  image, 
being  less  intense,  is  disregarded. 

The  ophthalmoscopic  appearance  of  the  retina.— When  the 
healthy  fundus  is  examined  by  the  direct  method,  and  with  a 
bright  illumination,  the  retina  is,  in  the  majority  of  cases,  found 
to  be  perfectly  transparent.    It  reflects  little  or  no  light  and 
offers  no  resistance  to  that  reflected  from  the  choroid,  and  is 
therefore  quite  invisible-iu  fact,  were  it  not  for  the  presence  of 
its  blood-vessels,  it  would  be  impossible  by  this  test  alone  to 
assert  that  the  retina  existed.    When  only  a  feeble  illumination 
is  used  a  slight  brilliant  reflex  can  be  obtained  from  the  region 
immedWy  surrounding  the  optic  disc.    This  is  caused  by  re- 
fl™L  of  the  light  from  the  curved  surface,  where  the  fibres  of 
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the  nerve  are  spreading  out  to  reach  the  retina.  The  appear- 
ance is  difficult  to  describe  :  it  varies  with  each  tilting  of  the 
mirror,  is  somewhat  like  the  reflection  from  shot-silk,  and  is  lost 
in  the  red  reflex  from  the  choroid  when  the  intensity  of  the  light 
is  increased.  In  certain  cases,  however,  there  is  a  retinal  reflex 
of  this  nature  whatever  the  intensity  of  the  illumination ;  this 
usually  obtains  in  young  children,  and  in  ^Jersons  of  very  dark 
complexion,  where  the  choroid  is  highly  pigmented.  Along  the 
course  of  the  vessels  also  this  may  be  usually  observed  in  the 
form  of  a  bright  line ;  it  is  distinguished  from  a  pathological 
change  by  the  fact  that  the  reflection  will  shift  from  one  side  of 
the  vessel  to  the  other  by  the  slightest  movement  of  the  mirror. 

The  yelloiu  spot  is  to  be  sought  on  the  outer  side  of  the  optic 
disc,  at  a  distance  equal  to  twice  the  diameter  of  the  latter.  In 
many  cases,  especially  in  adult  fair  persons,  the  healthy  so-called 
yellow  spot  presents  the  appearance  shown  in  fig.  1,  opposite 
p.  177  j  that  is,  it  differs  but  little,  if  at  ai;ij  in  colour  from  the 
sm-rounding  fundus,  and  can  only  be  distinguished  from  the 
other  parts  of  the  retina  by  the  absence  of  visible  vessels,  and  by 
its  position  with  regard  to  the  optic  disc.    In  the  majority  of 
eyes,  however,  there  is  an  intensification  of  the  colour,  giving  an 
appearance  similar  to  that  shown  in  fig.  2,  opposite  p.  177.  In 
some  cases,  more  especially  in  young  subjects,  and  dark  eyes,  a 
small,  yellowish,  somewhat  brilliant  spot  is  seen;  this  is  the 
fovea  centralis.    It  is  surrounded  by  an  ill-defined  dark  area, 
and  around  this  again  there  is  sometimes  a  greyish  halo,  which 
changes  its  appearance  when  the  mirror  is  tilted. 

The  vessels  of  the  retina  are  easily  distinguished  from  those  ' 
of  the  choroid  by  their  radiating  course,  their  dichotomous 
mode  of  branching,  their  clearness  of  tint,  and  their  well-defined 
outline. 

The  peripheral  as  well  as  the  central  portions  of  the  retina 
should  always,  as  far  as  possible,  be  examined ;  these  are  better 
seen  when  the  pupil  has  been  previously  dilated.  The  oph- 
thalmoscope should  be  held  as  close  to  the  cornea  as  possible 
(about  5  mm.),  and  the  patient  told  to  look  successively  in  the 
outward,  inward,  upward,  and  downward  directions;  this  brings 
into  view  the  outer,  inner,  upper,  and  lower  portions  of  the 
retina  respectively.    In  order  to  see  the  lower  portion  when 
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the  patient  looks  clownwarLls,  it  is  necessary  to  elevate  the 
upper  lid  with  a  finger  of  the  hand  which  is  not  holding  the 
ophthalmoscope.    The  examination  of  the  peripheral  parts  of 
the  fundus  is  especially  important,  because  certain  morbid  con- 
ditions—such as  pigmentary  retinitis,  disseminated  choroiditis, 

detachment  of  retina,  and  other  affections,  often  make  their 

first  appearance  in  that  part,  whilst  the  central  portions  are 

apparently  normal. 

The  arteries  of  the  rethia  are  from  two-thirds  to  three-fourths 

the  size  of  the  veins,  they  are  lighter  in  colour,  and  their  course 

is  somewhat  straighter. 

Pulsation  of  the  retinal  veins  is  sometimes  observed,  even  m 

normal  eyes.    This  is  only  seen  upon  the  optic  disc,  and  various 

theories  have  been  propounded  as  to  its  causation.  _ 

1  Bonders  considered  it  to  be  owing  to  the  rhythmically 
increased  arterial  tension  communicated  to  the  veins,  the  vitreous 
body  being  less  compressible  than  these.  It  occurs  only  on  the 
disc  because  here  the  tension  of  the  veins  is  most  feeble.  The 
pulsation  thus  appears  in  the  diastolic  arterial  interval. 

2  Schon  ascribes  it  to  the  pulsation  of  the  artery  communi- 
cated to  the  vein  as  they  lie  together  in  the  optic  nerve. 

Pulsation  oftheretinal  arteries  is  very  rarely  found  m  normal 
eves  although  both  arterial  and  venous  pulsation  can  be  pro- 
W  by  digital  pressureupon the  globeduringopM^^^^^^ 
examination.    When  it  does  exist  it  may  be  due  to  one  of  two 
ocal  causes  :  (i.)  It  ^ay  be  nothing  more  ^^^^^^^^^^^^^^^ 
Hiunicated  from  the  neighbouring  vein,  m  which  case  the  pul 
Tation  of  the  artery  would  succeed  that  of  the  vem.    (u.)  It 
nfav  arise  from  the  fact  that  the  branches  at  the  disc  are  given 
off  at     ght  angles  to  the  main  trunk  immediately  after  its 

bffurcat  on  (Otto  Becker)-^  With  these  rare  exceptions,  there^ 
bifurcation  (U  ^^^^^^.^^  ^p^^^  ^^^^ 

^ZTZe  pathological  condition  either  of  the  eye 
•f=plf  nf  the  orbit,  or  of  the  general  circulation— e. (7.  . 

Lt-ia  Pulsation  ^ay  be  cau.ed  by  increased  mtra-ocu  a. 
■  .wtirh  m-events  the  retinal  arteries  from  becoming  filled 
'''■^er.t  tt  acme  ofthe  pulse-wave.    It  is  not  nncommon  m 
rlfa"ben  not  occurring  spontaneously  .n  glaucoma, 
.  ArcJm'filr  OlMh.  vol.  xviii.  part  1.  p.  266. 
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it  can  usually  be  temporarily  produced  by  very  slight  pressure 
upon  the  globe,  whereby  the  tension  is  still  more  increased. 

2.  It  is  also  occasionally  seen  in  cases  where  the  trunk  of 
the  central  artery  has  become  compressed,  as  in  certain  cases 
of  optic  neuritis,  and  in  tumours  of  the  orbit  where  the  optic 
nerve  is  pressed  upon. 

3.  The  tension  of  eye  being  normal,  arterial  pulsation 
may  be  caused  by  low  arterial  tension,  arising  from  deficient 
action  of  the  heart.  It  is  common  in  aortic  regurgitation  with 
hypertrophy  of  the  left  ventricle,  in  Basedow's  disease,  in 
syncope  following  loss  of  blood,  and  it  is  said  to  be  present 
during  the  period  of  asphyxia  in  cholera. 

Congenital  anomalies. — Many  changes  are  seen  in  the 
fundus  oculi  which  exist  at  birth,  and  persist  throughout  life 
without  changing  in  appearance  or  producing  any  deterioration 
in  visual  acuity  or  visual  range.  Such  anomalies  may  be  mis- 
taken for  diseased  conditions,  and  consequeAtly  their  recognition 
is  essential  in  order  to  be  able  to  arrive  at  a  correct  diao-nosis 
They  may  be  pi-esent  in  the  vascular  coat — the  choroid ;  or  in  the 
nervous  tunic — the  optic  disc  and  retina.  It  is  well  to  bear  in 
mind  that  the  retina,  disregarding  its  pigmentary  epithelium,  is 
a  transparent  membrane  with  the  exception  of  the  blood  con- 
tained witliin  its  vessels. 

Congenital  affections   of  the  choroid  have  already  been 
described,  including  changes  in  its  colour   and  appearance, 
coloboma,  and  congenital  crescent  (p.  201).    Though  coloboma 
IS  described  under  Choroid,  it  must  be  remembered  that  the 
primary  cause  of  the  deficiency  is  a  non-closure  of  the  choroidal 
fissure,  a  cleft  in  the  lower  part  of  the  optic  cup,  an  epiblastic 
formation ;  this  developmental  deficiency  in  the  nervous  struc- 
ture is  attended  with  a  similar  flaw  in  the  development  of  the 
choroidal  coat.    A  coloboma  of  the  choroid  is  therefore  always 
associated  with  a  oolohoma  of  the  retina,  and  a  loss  of  a  corre- 
sponding area  of  the  upper  half  of  the  visual  field.    The  retinal 
vessels,  however,  usually  ramify  over  the  exposed  sclerotic  coat 
supported  m  an  indefinite  connective-tissue  membrane  (see 
fig.  2,  opposite  p.  201). 

The  following  comprise  most  of  the  congenital  peculiarities 
ot  the  optic  disc  and  retina. 

Q 
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Opaque  nerve-fibres. — As  we  liave  seen  (p.  217),  the  normal 
optic  nerve-fibres,  having  passed  through  the  lamina  cribrosa^ 
become,  as  a  rule,  entirely  deprived  of  their  medullary  sheath,  and 
are  quite  transparent  both  in  the  papilla  and  in  the  retina.  In 
some  cases,  however,  it  is  found  that  the  medullary  sheaths  are 
persistent,  and  may  be  seen  with  the  ophthalmoscope  as  opaque, 
brilliant,  white  patches,  occupying  more  or  less  of  the  area  and 
circumference  of  the  disc,  and  extending  towards  the  periphery 
of  the  fundus  in  comet-like  processes.    Sometimes  only  a  single 
patch  exists,  forming  a  snowy-white  spot  on  the  edge  of  the  disc ; 
in  other  cases  there  are  several  of  these  ;  more  usually,  however, 
the  opaque  nerve-fibres  are  most  visible  where  the  fibres  are 
naturally  most  abundant— that  is,  in  the  directions  of  the  chief 
divisions  of  the  retinal  artery.    In  many  cases  they  have  a. 
distinctly  fibrillated  appearance,  more  especially  towards  their 
free  edges.    They  can  be  distinguished  from  morbid  products  by 
their  brush-like  extremities  and  the  fact  that  they  are  in  front  of 
the  retinal  vessels,  and  that  some  part  of  the  retinal  artery  can  be- 
seen  to  be  embedded,  as  it  were,  in  the  midst  of  the  opaque 
fibres  (see  fig.  2  on  opposite  page).    They  hardly  ever  occupy 
the  region  of  the  yellow  spot. 

Visual  amitij  maybe  quite  normal  as  far  as  the  opaque  fibres 
areconcerned,although  this  affectionis  often  accompanied  by  other 
abnormal  conditions,  as  hypermetropia,  astigmatism,  &c.,  which 
may  cause  deterioration  of  vision.  The  visual  field  also  is  normal, 
with  theexceptionof  the  blind  spot,  which  is  generally  large  and  ir- 
regular in  proportion  tothe  extentof  the  patch  or  patches  of  opacity. 

Vascular  peouliarities.— {a)  Bifurcation  of  retinal  veins  is  a 
rare  condition  occasionally  seen  ;  the  division  usually  occurs 
near  or  on  the  disc.  Q>)  Cilio-retinal  vessels  are  sometimes- 
present,  and  are  recognised  by  appearing  or  disappearing  at  the 
margin  of  the  disc,  and  by  not  being  connected  with  the  central 
vessels  They  are  usually  small,  and  are  not  as  a  rule  attended 
with  much  diminution  in  size  of  the  arteria  centralis  retm^. 
In  rare  cases  the  central  artery  is  very  small,  and  almost  entirely 
replaced  by  cilio-retinal  vessels.  They  are  derived  from  the 
short  posterior  ciliary  arteries,  (c)  White  lines  along  the 
vessels  may  exist,  and  be  mistaken  for  pathological  changes, 
luch  as  is  sL  after  papillitis  or  neuro-retinitis  They  ai^  due 
to  a  prolongation  of  the  connective  tissue  which  supports  the 


0 


Plate  YH. 


Pig.  l.-PhyBlologlcal  oupplng  of  Optlo  Disc. 


Fig.  2.-0paane  nerve  Sbree. 


CONGENITAL  ANOMALIES. 


227 


vessels  while  in  the  substance  of  the  optic  nerve  beyond  the 
lamina  cribrosa.    This  tissue  does  not  extend  beyond  the  margin 
of  the  disc ;  in  post-papillitic  changes  the  white  lines  are 
invariably  seen  beyond  the  edge  of  the  disc,    {d)  Remains  of 
the  hyaloid  artery.    The  capsulo-pupillary  membrane,  which 
surrounds  the  foetal  lens  to  nourish  it,  is  vascular  and  receives 
its  blood-supply  from  a  bi-anch  of  the  arteria  centralis  retinae, 
the  hyaloid  artery,  which  traverses  the  vitreous  in  a  special 
canal  (canal  of  Stilling)  to  the  posterior  surface  of  the  lens, 
where  it  breaks  up  into  numerous  branches,  and  supplies  the 
membrane.    Sometimes  this  vessel  does  not  undergo  complete 
atrophy.    A  few  fibrous  filaments  may  be  seen  floating  in  the 
vitreous,  being  attached  posteriorly  to  the  centre  of  the  disc. 
Occasionally,  the  remains  will  extend  to  the  posterior  surface  of 
the  lens,  at  the  posteiior  pole  of  which  a  white  patch  (posterior 
polar  cataract)  will  be  seen.    Sometimes  a  ^mall  portion  of  the 
vessel  will  remain  pervious  with  circulation  through  it;  in  such  a 
case  it  appears  in  the  form  of  one  or  more  vascular  loops.  Newly 
formed  vessels  in  the  vitreous  may  be  mistaken  for  persistent 
remains  of  the  hyaloid  artery ;  they  differ,  however,  in  being 
numerous  and,  as  a  rule,  associated  with  some  gross  fundus  lesion. 

Pigmentary  cZeposife.— Marginal  pigment  at  the  disc  has 
already  been  referred  to  ;  it  is  more  usual  to  see  it  at  the  outer 
side,  though  it  may  completely  encircle  the  disc— choroidal  ring 
Pigment  on  the  disc  is  rarely,  if  ever,  seen.    Peripheral  pig- 
mentation is  a  congenital  anomaly  which  is  sometimes  met  with 
and  is  unattended  with  any  visual  defect  or  alteration  in  the  disc 
or  retmal  vessels.    Some  interesting  cases  of  this  condition  have 
been  recorded  with  illustrations  by  Mr.  Sidney  Stephenson  '  He 
points  out  that  the  deposit  involves  a  sector  of  the  fundus,  that  it  is 
non-progressive,  asymmetrical,  and  not  attended  with  symptoms 
or  other  signs  suggestive  of  pigmentary  degeneration  of  the  retina 
Ihe  physiological   cup.-On   examination   by  the  direct 
method,  the  optic  disc  frequently  presents  an  excavation  at  its 
centre,  just  at  the  point  of  emergence  of  the  central  vessels 
ihis  is  due  to  exposure  of  the  central  part  of  the  lamina  cribrosa 
by  the  divergence  of  the  nerve-fibres  (see  fig.  1   on  the  otddo 
-te  page).    The  central  hollow  thus  formed'is  known  as'th" 
'  Trans.  OpUli.  Soc.  vol.  si.  p.  77. 
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physiological  cup  or  pit ;  it  is  usually  funnel-sliapecl,  and  vaiies 
considerably  in  extent,  but  it  never  extends  to  the  extreme  edge 
of  the  disc,  as  is  the  case  in  glaucomatous  cupping.  Moreover, 
it  does  not  interfere  with  visual  acuity. 

The  scleral  ring  is  another  feature  of  the  normal  disc  which 
is  frequently  observed.  It  is  a  whitish  ring,  situated  at  the  edge 
of  the  disc,  which  is  caused  by  the  aperture  in  the  choroid  being 
somewhat  larger  than  that  in  the  sclerotic,  so  that  the  edge  of 
the  latter  is  seen  as  a  white  band  through  the  transparent  nerve- 
fibres.  It  is  often  more  visible  on  the  outer  side  of  the  disc 
than  throughout  the  rest  of  its  extent,  owing  to  the  fact  that  the 
optic  nerve- fibres  are  thinner  at  that  part.  It  can  generally  be 
seen  as  a  complete  ring  when  the  optic  nerve-fibres  are  atrophied, 
as  in  chronic  glaucoma  and  grey  atrophy  of  the  disc. 

The  optic  disc  is  usually  circular  in  form  ;  in  some  cases, 
however,  it  appears  somewhat  elongated  in  one  direction.  This 
may  be  its  real  condition,  in  which  case  its  form  will  be  the 
same  in  whatever  way  it  is  examined ;  or  tlie  oval  appearance 
may  be  due  to  astigmatism.  If  due  to  astigmatism,  examina- 
tion by  the  indirect  method  will  show  that  the  direction  of  its 
long  axis  and  its  length  compared  with  the  short  axis  vary  with 
the  position  of  the  lens.  The  average  diameter  of  the  disc  is 
iibout  1-6  mm. ;  its  apparent  size  varies  with  the  refractive  con- 
dition of  the  eye.    See  Refraction. 

Hypersemia  of  the  disc  is  characterised  by  increased  redness. 
The  large  central  vessels  can  be  plainly  seen,  but  the  colour  of 
the  area  of  the  disc  is  intensified  ;  in  severe  cases  its  redness  is 
only  with  difficulty  distinguished  from  that  of  the  surrounding 
region  (see  fig.  1,  opposite  p.  229).  It  is,  as  a  rule,  unattended 
by  impairment  of  the  visual  function,  although  there  may  be 
hyi^ersensitiveness  to  light  (photophobia),  early  fatigue  in 
reading,  and  indistinct  pain  in  and  around  the  globe. 

Hypertemia  is  frequently  found  in  the  subjects  of  hyper- 
metropia  and  hypermetropic  astigmatism.  It  is  also  common 
amongst  those  who  are  obliged  to  work  for  long  periods  in  a 
bright  light,  such  as  gaslight.  It  is  usually  seen  in  the  early 
stage  of  optic  neuritis. 

In  some  cases  the  congestion  is  of  a  passive  or  venous 
nature,  resulting  from  obstruction  to  the  return  of  blood  to 
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Fig.  1.- Commencing  Optic  Neuritis. 
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the  heart ;  under  these  circumstances  the  veins  of  the  disc  are 
tortuous  and  distended,  and  its  colour  is  deeper  than  that  wliich 
occurs  in  active  hypertemia. 

Ill  treatment  the  cause  of  this  affection  must  be  borne  in 
mind.  Any  existing  error  of  refraction  must  be  corrected  by 
suitable  glasses.  Over^use  of  the  eyes  must  be  discontinued, 
and  bright  light  avoided  by  the  use  of  neutral-tinted  glasses. 

Optic  Neuritis.— Papillitis.— The  optic  nerve  may  be  in- 
flamed in  the  whole  of  its  course,  or  the  signs  of  inflammation 
may  be  most  marked  at  one  particular  point,  either  within  the 
skull,  within  the  orbit,  or  at  the  papilla  within  the  globe. 

It  is  with  the  last  of  these  that  we  are  chiefly  concerned,  and, 
following  the  suggestion  of  Leber,  we  propose  to  use  the  term 
'  papillitis '  in  preference  to  '  choked  disc,'  '  descending  neuritis,' 
and  other  terms,  which  are  misleading  as  involving  theories  of 
causation  not  yet  proved. 

The  ophthalmoscopic  signs  of  papillitis.— Bming  the  active 
stage  the  appearances  are  quite  characteristic,  and  are  as  follow  : 
1.  Loss  of  the  outline  of  the  disc.— The  margin  of  the  disc, 
wliich  in  a  healthy  fundus  is  so  well  defined,  becomes  gradually 
mdistmct  until  it  completely  fades  out  of  recognition.  Conges- 
tion alone  will  cause  the  disc,  outline  to  become  obscure  by 
changing  the  paler  colour  of  the  papilla  to  a  hue  similar  to  that 
of  the  surrounding  fundus.    When  the  second  stage  of  inflamma- 
tion sets  m,  the  exudation  entirely  obliterates  any  existing  trace 
of  the  disc.   Its  position  is  recognised  by  the  entry  and  exit  of  the 
retinal  vessels,  also  by  a  characteristic  radial  appearance  which 
IS  often  seen  at  the  site  of  the  hidden  disc.    These  radii  are 
caused  by  the  fibres  of  the  optic  nerve,  which  spread  out  to  form 
the  nerve-fibre  layer  of  tlie  retina.  In  health  they  are  transparent 
and  invisible;  inflammation  renders  them  swollen  and  semi- 
opaque  from  the  imbibition  of  inflammatory  cedema 

2.  Change  in  colour. -It  has  already  been  mentioned  that 
the  disc  bec^omes  redder  than  natural  from  hyper^emia  ;  this  red- 

'^^^Tfr'^:'^^ '~  attack. 
Sub  dence  of  the  inflammation  is  shown  by  the  centre  of  the 
papilla  becoming  pale,  eventually  white ;  this  spreads  peri- 
pherally, until  a  pale  woolly  white  disc  remains  with  an  indefi'- 
nite  margin  (consecutive  atrophy). 
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3.  Swelling  of  the  disc. — Since  the  radial  appearance  around 
the  entry  of  the  arteria  centralis  retinse  extends  outwards  beyond 
the  margin  of  the  normal  disc,  it  is  customary  to  say  that  the 
disc  is  larger  than  natural.  Again,  if  the  direct  method  of 
ophthalmoscopic  examination  is  adopted,  it  will  be  noticed  that 
the  details  at  the  papilla  are  more  clearly  made  out  by  the  use 
of  convex  lenses  ;  with  the  same  lenses,  however,  with  which  the 
disc  can  be  seen  the  details  of  the  fundus  of  the  periphery  are 
blurred  and  out  of  focus,  and  the  convex  lenses  must  be  reduced 
before  the  peripheral  vessels  are  clearly  seen.  The  cause  of  this 
is  an  undue  prominence  of  the  papilla  or  nerve-head  from  oedema 
and  cellular  infiltration.  So  great  is  the  swelling  of  the  disc  in 
some  cases  that  it  can  be  seen  distinctly  with  a  lens  as  high  as 
+  6  D.  The  adjacent  optic  nerve,  with  the  swollen  disc,  has  been 
aptly  compared  to  a  champagne-cork. 

4.  Interruptions  in  the  course  of  the  vessels. — The  exact  point 
of  entry  of  the  retinal  vessels  is  often  obscured,  and  the  arteries 
may  be  so  hidden  from  view  by  the  inflammatory  exudation  as 
not  to  be  seen  at  all  in  the  region  of  the  disc,  only  appearing  at 
the  periphery  of  the  striations.  The  veins,  however,  can  usually  be 
seen  following  a  serpentine  course  through  the  oedematous  papilla, 
here  and  there  dipping  down  into  the  exudation  which  tempo- 
rarily hides  them  from  view.  The  exudation  often  produces  a 
general  haziness  of  all  the  details  in  the  neighbourhood  of  the  disc. 

5.  Distension  and  tortuosity  of  the  retinal  nems.— The  exuda- 
tion at  the  papilla  retards  the  venous  return  and  impedes  to  a 
less  degree  the  arterial  inflow.  Mechanical  congestion  therefore 
occurs,  and  the  veins  consequently  become  distended  and  tor- 
tuous, and  as  they  approach  the  swollen  nerve-head  they  are  seen 
to  bulge  forward  and  bend  abruptly  as  they  course  to  the  centre 
of  the  papilla.  The  arteries,  beyond  being  lost  in  the  region  of 
the  disc,  do  not  present  any  marked  peculiarity;  in  severe  cases 
they  may  be  smaller  than  normal. 

6  Hmmorrhages.-ln  severe  papillitis,  hasmorrhages  are  not 
uncommonly  seen  in  the  neighbourhood  of  the  disc,  usually  along 
the  course  of  the  vessels,  and  at  the  periphery  of  the  stnations 
in  the  form  of  small  dots,  or  linear  '  torch-like '  extravasations; 
large  hemorrhages  are  rare.  Soft  woolly  white  patches  may  be 
seen  on  or  near  the  disc :  these  are  old  haemorrhages,  m  which  the 
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colouring  matter  has  been  absorbed,  whilst  the  coaguliim  crowded 
with  leucocytes  remains ;  they  eventually  become  absorbed. 

This  affection  is  seldom  confined  to  the  papilla ;  it  can  usually 
be  observed  to  invade  more  or  less  of  the  surrounding  retina. 

In  the  jyost-pajnllUic  stage  these  changes  in  the  appearance 
of  the  disc  undergo  gradual  subsidence.    At  the  end  of  some 
weeks  or  months  the  opacity  begins  to  disappear,  and  the  edge 
of  the  disc  may  be  seen  as  through  a  mist  ('  woolly  disc ')  which 
gradually  becomes  less  and  less.    The  edge  of  the  disc  is  thus 
again  brought  into  view,  and  may  present  the  same  appearance 
as  it  did  before  the  papillitis,  or  its  outline  may  be  somewhat 
irregular.    The  vessels  gradually  become  less  tortuous,  and  may 
undergo  permanent  contraction.    White  spots  arranged  in  radial 
lines  are  sometimes  seen  in  this  stage  radiating  from  the  yellow 
spot.    They  only  appear  after  severe  papillitis  ;  they  differ  from 
those  of  albuminuric  retinitis  in  that  they  only  occur  to  the  inner 
side  of  the  macula  lutea,  not,  as  in  the  latter  affection,  all  round 
it ;  and  they  tend  to  disappear  spontaneously  after  the  lapse  of  a 
few  months  (see  fig.  1,  opposite  p.  232).    The  area  of  the 
disc  may  resume  its  normal  pinkish  tint,  or  may  be  more  or 
less  blanched.    See  Atrophy. 

Other  symptoms  of  papillitis. —It  is  remarkable  that  con- 
siderable swelling  and  haze  of  the  optic  disc  may  exist  before 
the  patient  experiences  any  serious  interference  with  vision. 
Thus,  there  may  be  unimpaired  visual  acuity,  good  colour- 
perception,  and  an  unrestricted  visual  field. 

Vision  is  seldom  much  impaired  until  papilHtis  has  existed 
for  some  time.    If  resolution  take  place  quickly-that  is,  before 
the  inflammation  has  given  rise  to  atrophy  of  the  nerve-fibres— 
there  maybe  no  failure  of  vision  at  all;  or  the  sight,  having 
become  affected  even  to  a  serious  degree,  may  quite  recover^ 
As  a  rule,  however,  it  is  common  to  find  papillitis  attended 
with  considerable  derangement  of  vision :    (1)   Visual  a.v^ 
may  be  much  impaired,  or  may  even  be  reduced  to  mere 
perception  of  light.    (2)    Colour  vision,  more  especially  for 
green  and  red,  may  be  considerably  interfered  with.    (3)  The 
msual  field  may  be  found  to  differ  from  the  normal  in  Various 
ways.    The  blind  spot-that  is,  the  scotoma  corresponding  to 
the  optic  disc-is  usually  enlarged.    The  field  for  white  may  be 
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but  slightly,  if  at  all,  contracted  ;  whilst  the  field  for  green  may- 
be much  diminished  or  entirely  lost.  The  field  for  red  may 
also  be  diminished.  These  changes  in  the  visual  field  become 
more  marked  as  the  atrophic  changes  set  in. 

Both  eyes  are  usually  affected,  but  the  vision  is  generally 
^vorse  in  one  eye  than  in  the  other  at  the  same  time.  The 
appearance  of  a  central  scotoma  for  colours  (such  as  is  found  in 
tobacco  amaurosis)  is  rare.  Failure  of  vision  usually  comes  on 
gradually  ;  in  some  cases,  however,  it  has  been  known  to  be 
very  considerable  in  the  course  of  a  few  days. 

When  blindness  supervenes,  as  it  unfortunately  often  does, 
it  generally  does  so  gradually. 

Pathology  of  impUlitis.—l^  we  examine  the  optic  nerve 
microscopically,   by  making  horizontal  and  vertical  sections 
through  the  region  of  the  optic  disc  of  an  eye  removed  during 
the  acute  stage  of  papillitis,  we  find  all  th«  trabecular  tissue, 
the  neuroglia,  and  the  blood-vessels,  infiltrated  with  freely 
staining  nuclei.    There  is  often,  also,  considerable  oedema  of 
the  trabecular  tissue.    The  intersheath  space  of  the  optic  nerve 
is  also  affected;  it  may  be  distended  with  fluid,  and  contain 
only  a  few  inflammatory  nuclei,  or  there  may  be  little  or  no 
fluid,  but  many  nuclei.    The  intra-ocular  portion  of  the  nerve 
(papilla)  is  found  to  be  swollen,  and  to  bulge  forwards  into  the 
vitreous  cavity.    In  thus  starting  forwards,  it  often  causes  sepa- 
ration of  the  retina  from  the  choroid  near  the  edge  of  the  disc, 
so  as  to  give  to  the  section  of  the  inflamed  papilla  a  peduncu- 
lated appearance. 

This  condition  of  hypernucleation  of  the  nerve,  nerve-sheath, 
and  papilla  is  more  marked  in  cases  of  meningitis  than  m' 
papillitis  arising  from  other  causes.  Recent  observations, 
however,  tend  to  prove  that  in  all  cases  of  papillitis  there  can 
usually  be  found  more  or  less  hypernucleation  in  the  optic 
nerve-trunk,  as  well  as  in  the  papilla  ;  this  may  be  more  abun- 
dant at  the  disc  than  in  the  nerve-trunk,  or  vice  versa. 

The  causes  of  painlliUs.-{l)  Intracranial  diseases  are  by 
far  the  most  frequent ;  they  are  said  to  give  rise  to  at  least 

.  Vide  Gower.  on  Medical  OpMhahnoscojnj,  1882;  also  Bmiley,  Walter 
Eclmunds%te;hen  Mackenzie,  and  Leber  in  thej^^^  Internat.  Med.  Con,. 
1881 ;  and  the  Trans,  of  Ojpldh.  Soo.  1881  and  1882. 
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four-fifths  of  the  Ccases  of  papillitis  (Mauthner).  Of  these  the 
most  common  is  cerebral  tumour.  Next  in  frequency  come 
meningitis  and  other  inflammatory  affections.  Then  follow 
abscess  of  the  brain,  hydatid-disease  of  the  brain,  and  cerebral 
softening  from  vascular  obstruction.  (2)  Renal  disease — albu- 
minuria, glycosuria.  (3)  Local  lesions  of  the  eye — e.<j.  ulcer  of 
the  cornea.  (4)  Lead,  poisoning.  (5)  Terrors  of  refraction,  more 
especially  hypermetropia  and  astigmatism.  (6)  Amenorrhcea, 
(imemia,  and  other  morbid  states.  (7)  Local  lesions  in  the  orhit 
may  cause  the  unilateral  form.    (8)  SijjMUs.    (9)  Influenza. 

The  theories  as  to  the  cause  of  papillitis  in  cerebral  disease  &yq 
chiefly  as  follow  : 

1.  The  mechanical  theory  of  Graefe  assumed  ^^enous  obstruction 
from  increased  intracranial  pi-essure  affecting  the  cavernous  sinus. 
This  view  is  now  abandoned,  because  free  anastomosis  has  been  de- 
monstrated between' the  orbital  and  facial  veins,  and  because  large 
tumours  of  the  brain  may  exist  with  very  little  papilHtis  ;  besides, 
thrombosis  of  the  cavernous  sinus  is  not  always  attended  with 
papillitis,  which  should  be  the  case  if  this  theory  was  correct  ;  while, 
on  the  other  hand,  tumours  too  small  to  appreciably  increase  the 
cranial  contents  frequently  produce  papillitis. 

2.  Manz  ^  assigned  dropsy  of  the  intersheath  space  of  the  optic 
nerve  as  the  cause.  This  he  considered  to  be  due  to  admission 
of  the  cerebro-spinal  fluid  in  cases  of  intracranial  pressure,  or 
increase  of  subarachnoid  fluid.  This  theory  is  supported  by  Dr. 
Broadbent-  and  others, 

3.  Schmidt,  however,  found  that  a  coloured  injection  passed  from 
the  sheath  space  into  the  lymphatics  of  the  papilla  at  the  lamina 
cribrosa  ;  and  he  considered  the  inflammation  to  be  produced  not 
alone  by  the  pressure  of  the  fluid  in  the  intersheath  space,  but  by  its 
pressure  m  these  lymphatic  spaces. 

4.  Leber 3  considers  the  inflammation  to  be  caused  not  at  all  by 
the  pressure  of  the  fluid  in  the  sheath,  but  by  the  conveyance  oipatho- 
iiemc  vmterial  in  that  fluid  to  the  optic  nerve  at  the  back  of  the  eye. 

5.  Dr.  Hughlmgs  Jackson  considers  the  most  plausible  hypothesis 
to  be  that  first  proposed  by  Schweller-viz.  that  a  cerebral  tumour 
acts  as  a  source  of  irritation  which  has  a  reflex  influence  through  the 
vaso-motor  nerves  upon  the  optic  disc,  leading  to  its  inflammation. 

'  Beutsch.  Arch.f.  Klin.  Med.  vol.  ix.  1871. 
2  Trans.  OjMh.  Soc.  vol.  i.  p.  108. 

=  Discussion  at  International  Medical  Congress,  London,  1881 
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This  theory  is  rejected,  however,  by  most  writers,  on  the  ground  that 
we  possess  no  anatomical  knowledge  of  such  nerves. 

6.  Galezowski  believes  that  the  inflammation  is  in  all  cases  pro- 
pagated by  continuity  of  tissue.    If  Galezowski  and  his  followers 
were  correct,  we  should  expect  to  have  papillitis  with  intra-ocular 
neoplasms,  also  with  local  inflammatory  changes,  as  orbital  cellulitis, 
&c.,  but  such  is  exceptional.    Moreover,  tumours  are  essentially 
non-inflammatory  new-growths.     How  is  it  that  a  glioma  of  the 
cerebellum  is  attended  with  papillitis?    Is  it  by  continuity  of 
tissue  1    Does  the  tumour  excite  inflammation  which  courses  to 
the  optic  nerve  and  papilla  without  producing  any  visible  organic 
change  between  its  commencement  and  its  termination  ? 

The  cause  of  papilUtis  in  cerebral  lesions  is  one  of  many  patho- 
logical problems  which  have  yet  to  be  solved. 

Treatment  must  be  directed  as  far  as  possible  to  the  removal 
of  the  cause  of  the  affection.  The  various  intracranial  diseases 
must  therefore  be  treated  by  appropriate  measures  indepen- 
dently of  the  papillitis,  which,  although  serious  on  account  of 
its  pernicious  effects  upon  the  vision,  is  still  only  a  symptom. 
The  same  rule  applies  to  other  causes.  The  eyes  should  be 
protected  from  bright  light  by  the  use  of  neutral-tinted  glasses.^ 
When  no  satisfactory  cause  can  be  found  for  the  existence  of 
papillitis,  the  use  of  mercurials,  short  of  salivation,  and  of  iodide 
of  potassium,  is  advisable. 

Optic  neuritis  is  occasionally  met  with  in  young  girls  from 
fifteen  to  twenty,  and  the  cause  usually  assigned  is  some 
irregularity  of  the  menstrual  function;  often,  however,  caretnl 
inqiiiry  fails  to  elicit  any  history  of  this.  The  neuritis  is 
generally  preceded  by  severe  headaches,  and  the  prognosis  as 
regards  sight  is  extremely  unfavourable. 

Atrophy  of  the  Optic  Nerve.-/Swtoms.-1.  Pallor  of  the 
optic  disc  is  one  of  the  first  signs  of  atrophy  of  the  optic  nerve 
(see  figs.  1  and  2,  opposite  p.  236);  the  usual  slight  rose  or 
pink  tint  has  become  diminished  or  is  altogether  lost._  The 
direct  method  of  examining  with  the  ophthalmoscope  is  the 
best  here,  and  the  details  of  the  papilla  can  often  be  best  seen 
when  a  feeble  illumination  is  used.  The  various  appearances 
:f  the  healthy  eye  (see  p.  176)  should  be  borne  - 
Hiakinc  the  examination ;  and  it  must  not  be  forgotten  that,  a 
Tfo  e  mentioned,  a  very  white-looking  disc  occasionally  occurs 
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in  ca  perfectly  normal  eye.  As  a,  rule,  however,  the  pallor  of 
the  disc  is  in  proportion  to  the  amount  of  atrophy  present. 

2.  JDimmidion  of  visual  acuity  almost  invariably  takes 
place  from  the  onset  of  the  affection.  Its  rate  of  progress  is  also 
subject  to  variation  :  as  a  rule,  it  proceeds  slowly  towards  total 
blindness,  but  it  may  become  more  rapid  and  lead  to  this  result 
in  a  comparatively  short  time ;  on  the  other  hand,  it  occasion- 
ally becomes  stationary. 

3.  Impaired  colour  vision  is  an  almost  constant  symptom. 
The  patient  at  first  finds  a  difiiculty  in  recognising  green,  and 
if  asked  to  match  a' pure  green  with  the  confusion-colours  for 
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Fig.  73.— Visual  Field  in.  Optic  Atrophy. 

"^'"e,  red  gi-eeii. 

green  (see  Colour  Vision)  he  will  be  unable  to  do  so.  Green 
appears  to  him  to  be  a  grey  or  yellow.  Further  than  this,  the 
progress  of  the  disease  is  marked  by  graduallv  increasing  trouble 
m  the  perception  of  colours.  Next  the  red,  and  then  the  vellow 
can  no  longer  be  recognised  with  any  degree  of  certainty,  thus 
leaving  only  the  power  of  discerning  blue.  Finally,  this  also 
disappeai-s,  and  the  colour-blindness  is  complete. 

4.  Alterations  in  the  visual  Jielcl.-The  failure  of  visual 
acuity,  already  mentioned,  is  usually  accompanied  by  more  or 

onVr  ^^^^  This  generally 

cen  l^^g^^l^'-  contraction,  the  outline  of  which  is  con- 

centric with  the  macula;  it  may,  however,  take  the  form  of  n 
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sector-like  defect,  or  one-half  of  the  field  (apart  fi-om  the 
hemianopsia  of  cerebral  disease)  may  be  lost ;  lastly,  the  alter- 
ation may  consist  in  an  irregular  scotoma  in  the  middle  of  the 
field.    Again,  it  is  frequently  found  that  the  limits  of  tJoe  field 
for  colours  are  also  contracted.    By  the  method  of  testing  indi- 
cated in  the  chapter  on  Perimetry,  we  find  that  the  field  for 
gi'een  becomes  smaller  by  degrees,  and  finally  disappears.  With 
the  progress  of  the  atrophy  this  contraction  of  the  field  for 
green  is  followed  by  a  similar  limitation  for  red,  then  for 
yellow,  and  finally  for  blue.    Fig.  73  shows  the  commencing 
concentric  contraction  of  the  visual  field;  the  contraction  for 
colours  is  relatively  more  marked  than  that  for  white.  The 
contraction  of  the  field  for  colours  is,  in  fact,  more  constantly 
found  than  that  for  white. 

Causes— Atvo-phj  of  the  optic  nerve  may  be  a  frimarij 
change,  it  may  be  secondari/  to  some  previous  lesion,  or  it  may 
be  consecutive  to  papillitis. 

Primary  atroioluj  often  comes  on  without  any  apparent 
cause.  It  is  more  common  in  males  than  in  females.  It  is 
often  associated  with  spinal  diseases,  of  wliich  the  most  im- 
portant class  is  that  connected  with  tabes  dorsalis.  It  is  also 
caused  by  other  diseases,  as  syphilis,  acromegaly,  diabetes,  inter- 
mittent fever,  cold,  and  menstrual  irregularity.  It  is  sometimes 
congenital  and  hereditary.  Lastly,  certain  toxic  agents,  as 
tobacco,  alcohol,  and  lead,  often  cause  amblyopia,  and  may  cause 
partial  or  complete  atrophy. 

Secondary  atrojjhy  is  the  result  of  soi^e  lesion,  either  of  a  por- 
tion of  the  brain  (cerebral  centre),  from  which  the  optic  nerves 
arise  or  of  some  part  of  the  optic  nerve-fibres  (see  Hemian- 
opsia) Pressure  on  the  chiasma  from  various  causes,  lesions 
affecting  the  optic  nerve  in  the  skull  and  in  the  orbit,  and 
blows  upon  the  head,  may  all  induce  secondary  atrophy. 

Consecutive  atrophj  is  that  form  which  results  from  papillitis 
(post-papillitic). 

Primari/  atrophy  Consecutive  atropliy 

•      ;      .   No  white  lioes  along  them  White  lines  frequently  seeu 
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Microscopic  examination  of  the  atrophied  nerves  sliows  that  the 
atrophy  is  not  confined  to  the  optic  disc.  The  fibres  and  the 
connective-tissue  elements  of  the  nerve-trunk  present  various 
degrees  of  wasting.  As  a  rule,  these  elements  are  increased,  and 
the  nei-ve-fibres  partially  or  totally  destroyed.  In  some  cases  the 
latter  appear  to  be  partially  replaced  by  particles  of  fatty  matter. 

Prognosis  is  always  unfavourable,  especially  in  cases  where 
the  cause  of  the  affection  is  beyond  control.  Progressive  atrophy 
usually  attacks  both  eyes,  and  terminates  very  often  in  complete 
blindness.  Perimetric  observation  of  the  visual  field  at  stated 
intervals  gives  the  best  indication  of  the  progress  of  the  disease. 
Those  forms  in  which  the  visual  field  is  not  concentrically  con- 
tracted, but  diminished  in  one  part  more  than  another,  are  the 
least  pernicious. 

Treatment  is  frequently  of  no  benefit. 

The  contimious  voltaic  current  has  been  tried  by  Remak,  Bene- 
dict, Pye-Smith,  Gunn,  and  others,  with  the  effect  of  some  resto- 
ration of  vision.  The  current  must  be  varied  in  strength  accord- 
ing to  the  susceptibilities  of  the  patient.  About  three  to  five 
milhamperes  can  usually  be  borne ; '  but  it  is  well  to  be  very  cau- 
tious m  the  application  of  tins  remedy,  as  a  comparatively  weak 
current  sometimes  produces  vertigo  and  other  symptoms  which 
are  very  alarmmg  to  the  patient.  The  positive  pole  is 'placed 
over  the  mastoid  process,  and  the  negative  pole  upon  the  closed 
eyelids.  The  current  is  continued  for  five  minutes  at  each  sit- 
ting, and  IS  repeated  daily.  Dr.  Gowers  states  that  he  has  tried 
this  treatment  m  many  cases,  but  without  results  which  could 
reasonably  be  ascribed  to  the  treatment. 

The  hypode,rmic  injection  of  strychnine  is  advocated  bv  Nao-el 

!h  vl  /VT'' f  '  niiiligramme  of  the  saliliate^f 
stiychnine  dissolved  m  10  minims  of  distilled  water,  every  second 
day  If  there  IS  no  improvement  by  the  end  of  six  weeks,  the 
treatment  can  be  discontinued  as  useless 

Ge^.r«Z  h-ecd^nent  must  vary  according  to  the  evident  or  prob- 
abl  cause  of  the  affection-..^,  the  removal  of  toxic  influences 
abstinence  from  excesses  of  all  kinds,  &c.    Where  syphiHs  S 
~c:!;t       ""'^  treatment  for  this  disease  should  be 

Haemorrhages  of  the  optic  nerve  are  considered  to  take  place 
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occasionally,  (1)  into  the  interslieath  space, ^  and  (2)  into  the 
interstices  of  the  nerve  behind  the  disc.  They  are  very  rare. 
Their  chief  characteristic  is  the  occurrence  of  sudden  blindness, 
which  is  unaccompanied  by  any  immediate  physical  signs  of 
disease,  either  of  the  fundus  oculi  or  of  the  brain.  They  are  occa- 
sionally recovered  from,  but  are  generally  followed  by  optic  nerve 
atrophy. 

IschEemia  of  the  retina  signifies  a  sudden,  often  total,  arrest 
of  the  retinal  blood-current,  accompanied  by  entire  loss  of  sight. 
It  is  unattended  by  any  tissue-change  of  the  retina  and  optic 
nerve.    Both  eyes  are  usually  affected. 

6'^/1?^p^oms.— The  optic  disc  is  pale  or  white.  The  arteries  are 
either  completely  empty  and  reduced  to  fine  white  threads,  or 
they  may  contain  a  delicate  continuous  column  of  blood,  which 
is  seen  as  a  red  line  in  the  axis  of  each  vessel,  or  they  may  be 
empty  in  certain  parts  and  contain  a  little  blood  in  other  parts. 
The  veins  are  generally  smaller  than  normal,  and  may  be  more 
contracted  in  one  part  than  another.  The  affection  is  very  rare. 
It  is  said  sometimes  to  be  present  during  an  epileptic  seizure. 

Embolism  of  the  central  artery  of  the  retina  may  occur  in  the 
trunk  or  its  branches,  and  may  be  complete  or  partial.  The  clot 
is  usually  just  behind  the  lamina  cribrosa, 

Symptoms.— ^MQn  unilateral  blindness,  which  may  have 
been  preceded  by  temporary  obscurations.    Supposing  the  trunk 
of  the  artery  to  be  affected,  we  find  by  the  ophthalmoscope  that 
the  arteries  are  extremely  shrunken,  and  their  smaller  branches 
invisible     The  veins  also  are  reduced  in  size,  but  more  so  at  the 
^  optic  disc  than  in  the  rest  of  their  course.    Sometimes  a  broken 
column  of  blood  can  be  seen  in  the  veins,  and  then  durmg  the 
first  few  days  an  oscillatory  movement  of  the  blood  can  sometimes 
be  observed.    Pressure  upon  the  globe  will  not  produce  pulsa- 
tion either  of  the  arteries  or  the  veins.    Haemorrhages  are  few 
^nd  sli-ht.    The  characteristic  feature  is  a  greyish-white  opa- 
fy  su?rounding  the  region  of  the  macula  ;  this  is  several  nnes 

Ophth.  Soc.  vol.  IV. 
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fovea  centralis.  A  similar  white  haze  often  surrounds  the  papilla. 
The  brilliancy  of  the  red  spot  at  the  fovea  is  not  of  equal  intensity 
in  all  cases  ;  sometimes  it  is  speckled  with  grey ;  usually,  how- 
ever, it  is  of  a  bright  cherry-red  colour,  and  is  either  circular  or 
oval.  Its  red  hue  is  not  due  to  effused  blood,  but  is  produced  by 
contrast  between  the  white  haze  of  the  surrounding  retina  and 
the  red  colour  of  the  blood  in  the  choroid  being  seen  through  the 
thin  fovea  centralis. 

After  some  weeks  the  retina  becomes  again  clear,  and  the 
optic  nerve  takes  on  the  white  appearance  of  atrophy.  The  cherry- 
red  spot  at  the  fovea  is  then  less  marked  ;  there  are  generally  a 
few  specks  and  traces  of  deposit  in  the  retina. 

As  a  rule,  there  is  no  sight  at  any  time,  although  a  few  cases 
are  recorded  in  which  some  perception  of  light  has  reappeared 
alter  a  short  time  in  the  outer  part  of  the  field. 

Fig.  1,  opposite  p.  188,  copied  from  Liebreich's  atlas,  repre- 
sents the  appearance  of  this  affection.  The  opacity  of  the  re 
tma  m  the  region  of  the  macula  and  of  the  optic  disc  is  often 
more  marked  than  this,  and  the  veins  less  visible.  //  a  branch 
rmly  of  the  retinal  artery  is  obstructed,  the  cloudy  opacity  is  local- 
ised, and  only  the  corresponding  part  of  the  retina  suffers  This 
IS  indicated  by  a  scotoma,  which  may  vary  in  extent  from  a  mere 
spot  to  half  the  visual  field. 

The  causes  are  chiefly  cardiac  valvular  diseases.    It  is  also 
more  rarely  caused  by  albuminuria  and  advanced  pregnancy' 
It  IS  pi-obable  that,  in  many  cases,  as  suggested  by  Mr.  AestW 

and  would  therefore  be  more  correctly  termed  thrombosis 
1  he  prognosis  is  very  bad. 

mJTt  "^^^^^^^^^^^  occur  without  inflammation.  The 
Xlt  ;r  '     '  "I  T""'  extravasations  vary  indefi- 

nitely; they  y  be  divided  into  superficial  and  deep  varieties 
Ihe  superficial  naturally  occur  in  the  course  of  the  vessels  in 
the  nerve-fibre  layer,  and  hence  present  a  striated  aspect  Tl  ^ 
deeper  extravasations  of  blood  bn  ,  "'^^^  f  P^ct.  The 

fibres  of  Miillpv    +i  ^      backwards  between  the 
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the  retina  and  choroid.    Hcemorrhacje  in  the  region  of  the  yellow 
spot  deserves  special  mention  on  account  of  its  frequency  and 
importance.    This  is  a  rounded  or  elliptical  patch  of  varied 
extent;  it  is  usually  about  three  or  four  times  the  size  of  the 
optic  disc.    Smaller  ligemorrhagic  points  are  often  seen  m  its 
neighbourhood.    The  retina  is  never  raised,  and  the  extravasa- 
tion is  never  deep.    The  absence  of  nerve-fibres  and  of  any 
considerable  vessels  in  this  region  explains  these  peculiarities. 
The  frequency  of  return  of  visual  acuity  also  shows  the  shght- 
ness  of  the  lesion  as  regards  the  cones  and  the  ganglion-cells; 
indeed,  it  is  possible  that  the  blood  has  not  extravasated  withni 
the  yellow  spot,  but  from  some  marginal  vessel  and  that  it  has 
filtered  between  the  retina  and  the  vitreous  body.    If  -sorptioji 
occurs  the  clot  becomes  decolorised  centripetally.    If  the  lesoip- 
tion  be  incomplete,  white  patches  remain,  mixed  ^^'f 
less  pigmented  matter.    This  is  after  large  or  repeated  h^mor- 
hages     When  the  macula  is  affected  the  centra    vision  is 
suddenly  impaired  or  lost.    This  may  not  be  an  absolute  centra 
Itoma  but'is  often  a  -^orm  cloud  covering  ob,^^^^^^^^^^^ 
of  the  eye.    If  into  the  periphery,  the  visual  field  is  aliectea 

mtLe.  of  retinal  hemorrhages  may  be  classified  as 

J«,  such  as  blows,  wounds  of  the  eye,  causing  sudden 
alteration  of  the  intra-ocular  tension,  as  when  there  is  escape 
of  aqueous  or  vitreous  humour. 

2.  Derawjements  of  the  vascular  system. 

General  arterial  sclerosis. 
Heart-disease,  especially  mitral. 
Embolism  and  thrombosis  of  small  arteries. 
Miliary  aneurisms. 

Fatty  degeneration  (after  endarteritis). 

3.  Alteration  in  the  qualit,j  of  the  Uoocl. 

Diabetes. 

Albuminuria. 

Leucocythsemia. 

Simple  or  pernicious  anemia. 

Purpura  and  scurvy. 

HEemorrhagic  diathesis. 
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4.  Local  diseases. 

Optic  neuritis. 
Eetinitis. 

Myopia  (progressive). 

Some  of  these  conditions  also  give  rise  to  inflammatory 
changes,  and  will  be  referred  to  again  later  on.  Retinal 
haemorrhage  occasionally  occurs  in  young  persons.  It  is  usually 
central,  extensive,  and  relapsing.  The  subjects  of  it  are  gene- 
rally feeble  or  anemic  ;  they  are  also  frequently  myopic. 

Eetinitis.— Inflammation  of  the  retina  seldom  occurs  idio- 
pathically ;  it  is  usually  the  result  of  some  constitutional  dys- 
crasia,  as  albuminuria,  glycosuria,  syphilis ;  or  else  it  is  caused 
by  extension  of  an  inflammation  from  the  neighbouring  choroid 
or  ciliary  processes.  We  shall  consider  retinitis  under  three 
chief  headings  : 

1.  Albuminuric  retinitis  and  its  allied  forms  occurring  in 
glycosuria,  leucocythgemia,  &c. 

2.  Syphilitic  retinitis. 

3.  Pigmentary  retinitis. 

Albuminuric  '-Retimtis.— Ophthalmoscopic  signs.~ln  the  early 
stage  of  the  afi-ection  we  find  a  dull  grey  haze  all  over  the 
central  region  of  the  fundus.  The  papilla  is  somewhat  swollen 
and  Its  outline  blurred.  There  are  generally  some  haemorrhages 
m  the  region  of  the  disc,  and  a  few  soft-edged  white  patches 

r"""^  P"'*'  ^ft^r  ^  weeks, 

^vhen  the  aff-ection  is  established,  we  find-(l)  White  spots  or 
rotehes,  sometimes  as  small  as  a  pin's  head,  more  or  less  col- 
ec  ed  into  gro.ps  around  the  yellow  spot  (see  fig.  1,  opposite 
p.  242)  Sometimes  they  assume  the  form  of  white  or  vel lowish- 
white  stri.,  arranged  in  a  radiating  manner  around  "the  lme 
focus.    Larger  spots  than  these  of  the  macular  region  are  found 

rs  ert,""''''"t^^  ,,Hen  occurring  in  tlie%icinity  of  a 
vessel,  they  are  usually  found  to  cover  it.    (2)  EcBmolhaae. 

Z  tw  ' ''"^ ^-'^^^   -  the  firof  S 

vail  ton  r  *orch-like  in  appearance.  They 

IZ  d  T       :r"'"^  ^"^^^^      time  which  may  have 

el  p  ed  since  their  extravasation,  the  most  recent  being  of  a 
bright  arterial  red  colour,  whilst  the  oldest  are  of  a  yellLi  h 
white,  waxy  appearance.    As  a  rule  they  run  parallel  wit^^^e 

R 
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larger  vessels,  although  the  particular  vessel  from  which  the 
blood  is  extravasated  can  seldom  he  seen.   When  large  they  are 
irregular  in  shape,  and  extend  to  the  deeper  layers  of  the  retina. 
(3)  The  optic  papilla  may  be  only  slightly  affected,  but  is  • 
usually  swollen,  hazy,  and  blurred  in  outline.    In  occasional 
cases  there  is  an  inflammatory  change  in  the  perivascular  lymph 
space  which  gives  to  the  arteries  or  veins  a  whitish  halo  or  even 
an  opaque  white  appearance  along  the  whole  or  a  part  of  their 
course,  through  which  the  contained  blood  can  be  dimly  seen. 
Detachment  of  the  retina  sometimes  occurs,  but  it  is  not  common. 
In  most  cases  we  find  that  one  or  other  of  these  changes  pre- 
dominates, and,  according  to  the  most  conspicuous  feature, 
Dr  Gowers^  proposes  to  distinguish  four  types  of  cases— the 
degenerative,  the  hemorrhagic,  the  inflammatory,    and  the 

neuritic.  .     .    ,      .  i 

Both  eyes  are  always  afi'ected,but  the  lesion  is  almost  always 

more  marked  in  the  one  eye  than  in  the  other. 

Functional  clisturhances  do  not  always  correspond  with  the 

ophthalmoscopic  signs.    It  is  not  uncommon  to  find  considerable 

retinal  disturbance  with  only  slight  amblyopia ;  and  on  the 

other  hand,  the  retina  may  appear  to  be  but  slightly  affected, 

whilst  the  patient  can  hardly  see  sufiiciently  to  find  his  way 

about     The  gravity  of  the  functional  disturbance  depends 

greatly  upon  the  region  affected;  so  long  as  the  J^f^-^VOt 

fegion  remains  intact  the  visual  acuity  is  tolerably  good,  but  as 

soon  as  this  part  is  attacked  the  central  vision  immediately 

'°  pLwrfi—The  relation  between  the  progress  of  th^J^'^er 
affeotion  and  that  of  the  retinitis  is  not  constant.     With  the 
taprovement  of  the  renal  disease  there  is  usually  a  tenden^ 
towards  subsidenee  of  the  swelling,  absorption  of  the  deposits 
Td  Sr-sations,  and  recovery  of  vision.    This  is  pa— y 
exemplifiedin  the  albuminuric  retinitis  of  pregnancy.   The  lesion 
onto  kidney  may  remain  stationary  or  become  aggravated  whilst 
tha?  of  tto  retina  may  disappear,  and  vision  be  re-estab,.shed^ 
ten  where  the  retinal  deposits  persist,  there  is  sometnnes  a 
™;  considerable  improvement  in  vision.    On  '^e  »  her  han 
27  urine  may  be  almost  free  from  albumen,  but  tto  retmal 

1  Medical  OjjMlialmoscoprj,  p.  185. 
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affection  get  worse  and  worse.  As  a  rule,  in  the  milder  forms 
of  albuminuria,  the  lesions  of  the  retina  disappear,  and  the 
sight  is  restored;  but  in  the  severer  cases,  where  there  has 
been  swelling  of  the  optic  disc  and  oedema  of  the  retina, 
the  loss  of  vision  is  very  great,  and  is  not  likely  to  improve, 
although  it  may  remain  stationary.  Should  severe  atrophic 
changes  of  the  optic  nerve  supervene,  the  sight  may  be  perma- 
nently reduced  to  an  extreme  degree  (V  <  -Ji^,  J  20,  or  even 
fingers  only). 

In  all  cases  where  albuminuric  retinitis  is  suspected,  the 
urine  should  be  repeatedly  examined,  the  absence  of  albumen 


3.M 


OM 


Fig.  74.— (Edema  of  the  Retina.    (PhotomicrogTaph  x  300  ^ 

in  .'[f  *;'°Sy--Albuminurio  retinitis  is  most  commonly  found 
m  the  advanoed  form  of  contracted  grannlar  kidneyclisease 
aJthough  ,t  .s  not  a  very  frequent  compLtion  of  that'affectTon 
(probably  not  more  than  8  or  10  per  cent.)    It  occurs  how 
ever,  .n  other  renal  affections,  and  in  the  albumiuu  a  f  pre" 

nepWtis    "       "  f"""-  '«-l 

On  mi«wco)nc  exominidion  of  the  affected  optic  disc  and 

B  2 
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retina,  we  find  the  following  changes  :^  (1)  The  nerve-fibre  layer 
of  the  retina  is  swollen  and  oedematous ;  there  is  also  oedema  in 
the  outer  molecular  layer  in  some  cases  (see  fig.  74).    (2)  The 
arteries  of  the  retina  present  thickened  patches  in  certain  parts 
of  their  course;  and  sections  through  these  nodules  show  a 
general  thickening  of  all  their  coats,  especially  of  the  subendo- 
thelial  pai-t  of  the  intima,  in  consequence  of  which  the  outside 
diameter  of  each  vessel  is  much  increased,  and  its  lumen  dimin- 
ished or  entirely  obliterated  ;  indeed,  according  to  Brailey  and 
Edmimds,'  some  impervious  arteries  are  generally  to  be  found 
in  a  state  of  fibrous  or  hyaline  degeneration.    The  cajnllaries 
also  present  a  marked  degree  of  hyaline  thickening ;  although 
thickened,  they  are  nevertheless  disposed  to  rupture,  and  this  is 
probably  the  source  of  the  haemorrhages.    (3)  Blood-corimscles 
are  found  more  abundantly  in  the  region  of  these  thickened 
patches  than  in  other  parts  of  the  retina ;  they  are  found  not 
only  in  the  inner  layers  of  the  retina,  where  the  capillaries  exist, 
but  also  in  the  intergranular  layer.    Aftejf  a  time  the  hemor- 
rhages thus  extravasated  are  seen  as  crystaMne  masses  and  faftii 
substances.    (4)  Inflammatory  nuclei,  probably  of  the  neuroglia, 
are  found  in  the  inner  layers  of  the  retina,  also  large  spheroidal 
cells  in  an  advanced  stage  of  fatty  degeneration  (corpuscles  of 
Gluge)  •  they  give  rise  to  the  opaque  spots  in  the  macular  region, 
the  opacity  l^eing  due  to  the  highly  refractive  condition  of  the 
fatty  granules  composing  them.    (5)  The  filres  of  Miil  er  are 
nreatly  thickened,  and  separated  by  sero-albummous  fluid ;  they 
eventually  undergo  fatty  degeneration,  and  in  all  probability  give 
rise  to  the  above-mentioned  granula,r  spheroidal  cells. 

Treatment  —The  general  treatment  must  be  directed  to  the 
renal  affection.  Locally,  the  use  of  smoked  glasses,  and  rest  to 
the  eyes,  is  all  that  can  be  advised.  ^ 

Diabetic  Ketinitis  is  very  rare,  and  is  so  similar  to  the  albu- 
minuric form  that  it  is  almost  impossible  to  distinguish  the  one 
from  the  other  by  means  of  the  ophthalmoscope  alone  ihe 
white  spots,  however,  in  the  macular  region  are  larger  and  more 
te'Irin  outline  L  this  affection,  and  they  have  no  tendency 
to  be  radially  arranged  around  the  yellow  spot.  Hemorrhages 
>  Vide  OpJttJi.  Trans,  vol.  i.  p.  45. 
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occur  in  all  parts  of  the  fundus ;  the  extravasations  appear  either 
in  the  form  of  dots,  or  as  irregular  patches  or  lines.    In  the 
early  stage  papillitis  is  not  a  marked  sign,  but  later  on  it  becomes 
very  pronounced.    The  disease  tends  to  progress,  oieio  vasmlar 
formation  wppear  in  the  vitreotis,  and  the  latter  becomes  crowded 
with  membranous  and  other  opacities;  lastly,  the  retina  be- 
comes detached,  with  complete  loss  of  vision.    The  retinitis  is 
symmetrical.    The  prognosis  is  very  unfavourable.    The  treat- 
ment must  be  entirely  directed  to  the  diabetes.    Local  blood- 
letting, by  leeching  or  other  means,  blisters,  scarifications,  &c., 
are  more  likely  to  do  harm  than  good. 

Leucocythaemic  Retinitis  was  first  noticed  and  described  by 
Liebreich.    It  is  characterised  by  the  existence  of  yellowish, 
rounded,  heemorrhagic  spots  or  patches ;  these  occur  in  the 
region  of  the  macula,  and  at  the  peripheiy  of  the  fundus;  they 
are  perceptibly  prominent,  and,  when  examined  by  the  'direct 
method,  they  may  be  seen  to  project  into  the  vitreous  cavity 
In  the  majority  of  cases,  whitish  streaks  can  also  be  seen  along 
the  course  of  the  retinal  vessels.    Various  scotomata,  corre^ 
spondmg  to  the  position  of  the  whitish  patches,  ai-e  found  to 
exist  m  the  visual  field.    The  normal  orange-red  colour  of  the 
whole  fundus  is  frequently  changed  to  that  of  a  paler  orange- 
yellow.    The  spots  and  streaks  are  due  to  accumulations  of 
leucocytes  which  have  escaped  from  the  walls  of  the  vessels  bv 
diapedesis,  and  the  change  of  tint  of  the  whole  fundus  is 

(a  BeckeV 

This  affection  is  by  no  means  constant  in  leucocyth^mia  •  it 
only  occurs  m  from  20  to  30  per  cent,  of  the  cases,  and  these 

to  chm-S'      aT"-""*^^""°"^*"^  with,  and  secondary 

be  tZT  °^  ohoroido-reti^ntis  will 

isollf  •  0^^^^'°"^^^^'  ^^owever,  we  meet  with 

isolated  syphilitic  retinitis. 

Sm^toms.^OpMJudmoscop^^  examination  shows  a  dondv 
opaaty;  this  may  be  confined  to  the  region  of  the  vpiL  'i 

7"^'^'^'  r--^   ia5::iof  Se  :r 

tl  fo^o/t^^^^^^  -els  ii; 

^  stieaks.    The  periphery  of  the  retina  is 
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usually  clear  and  \'isLble.  Occasionally  the  disc  is  swollen. 
Hasmorrhages  are  very  rare.  Very  oft  en,  as  in  choroido-retinitis, 
we  find  numerous  fine  '  dust-like '  opacities  situated  in  the 
deeper  portions  of  the  vitreous,  near  the  posterior  pole  of  the 
eye.  This  vitreous  Jiaze  is  apt  to  be  mistaken  for  optic  neuritis 
or  neuro-retinitis,  unless  care  is  taken  to  use  the  plane  mirror 
as'  in  retinoscopy.  Larger  floating  opacities  of  the  vitreous  are 
also  common,  and  not  unfrequently  we  may  detect  the  signs  of 
recent  or  old  iritis  in  the  pupil.  The  smallest  traces  of  pigment 
upon  the  front  of  the  lens,  or  of  adhesion  of  the  iris  to  the 
lens,  are  enough  to  establish  this. 

Failure  of  vision  is  very  mai'ked  from  the  first,  and  may,  if 
the  case  is  left  untreated,  go  on  to  complete  blindness.  This 
failure  is  often  greater  than  the  ophthalmoscopic  changes  would 
lead  us  to  anticipate.  The  patient  also  complains  of  fog  before 
the  ej^es,  musca3  volitantes,  and  of  inability  to  see  in  a  dull 
light.  There  is  always  torpor  of  the  retina,  which  often  goes 
on  to  absolute  ni(iht-hlindness.  This  form  of  retinitis  usually 
attacks  one  eye  at  a  time,  but,  in  the  absence  of  proper  treat- 
ment, it  sooner  or  later  comes  on  in  the  second  eye.  It  is  one  of 
the  secondary  symptoms  of  syphilis,  and  usually  appears  between 
the  sixth  and  eighteenth  month  after  the  primary  affection.  Its 
course  is  usually  protracted  over  many  months,  and  evinces  a 
tendency  to  relapses  and  exacerbations  after  slight  teuiporary 
improvements.  When  seen  early  and  treated  by  mercurials, 
great  benefit  may  be  effected,  but  with  neglect  of  treatment, 
and  under  bad  hygienic  conditions,  it  generally  gets  worse,  and 
goes  on  to  more  or  less  complete  atrophy  of  the  optic  nerve  and 

retina.  . 

Retinitis  Pigmentosa  or  Pigmentary  degeneration  of  the 
Retina.— The  chief  symptovis  are :  (1)  Pigmentary  deposits  m 
the  peripheral  portions  of  the  retina,  and  other  ophthalmoscopic 
changes ;  (2)  Night-blindness ;  (3)  Concentric  limitation  of  the 

visual  field.  . 

1  The  pigmentary  deposits  in  the  retina  may  be  easily  over- 
looked in  the  earlier  stages  of  the  affection,  inasmuch  as  the 
central  portion  of  the  fundus  then  appears  quite  normal.  On 
examining  the  periphery  of  the  retina,  the  appearance  presented 
in  fig  1^  opposite  p.  247,  will  be  observed.    The  masses  of 
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brownish-black  pigment  here  shown  look  very  similar  to  the 
lacuna3  and  canaliculi  of  bone  when  seen  under  the  microscope. 
They  may  be  few  in  number,  and  scattered  about  the  periphery  ; 
but  more  usually  they  are  numerous,  of  moderate  size,  and  their 
arrangement  corresponds  more  or  less  to  the  direction  of  the 
smaller  retinal  arteries.  In  the  later  stages  of  the  affection 
the  pigmentary  deposits  ajDproach  nearer  to  the  central  por- 
tions of  the  fundus  ;  they  also  become  larger,  and  are  more 
isolated. 

In  the  early  stages  the  ophthalmoscope  reveals  no  change 
in  the  optic  disc  and  yellow  spot  regions,  nor  are  the  blood- 
vessels perceptibly  altered ;  but  as  the  disease  advances,  the 
disc  becomes  gradually  pale,  and  finally  assumes  a  yellowish 
waxy  appearance;    the  blood-vessels   also   undergo  gradual 
diminution  in  calibre,  and  are  finally  reduced  to  mere  threads, 
or  become  altogether  invisible.    In  this  last  stage  the  pigmen- 
tary layer  of  the  retina  often  disappears  altogether,  by  which  the 
vessels  and  intervascular  spaces  of  the  choroid  are  rendered 
plainly  visible.    Fig.  2,  on  the  opposite  page,  represents  an 
advanced  case  of  this  kind,  in  which  there  are  waxy  pallor  of 
the  disc,  reduction  of  the  retinal  vessels  to  mere  threads,  and 
total  disappearance  of  the  pigment-Jayer  of  the  retina.  The 
stroma  of  the  choroid  is  visible  in  the  form  of  yellowish  wavy 
streaks,  and  the  large  masses  of  pigment  are  plainly  seen. 
Posterior  polar  cataract  and  opacities  of  the  vitreous  are  fre- 
quently present  in  the  later  stages. 

2.  NigU-hlindness  constitutes  a  marked  and  very  early 
symptom  of  retinitis  pigmentosa.  Visual  acuity  is  usually  good 
m  hngU  daylight ;  but  directly  the  sun  sets,  or  if  the  patient 
IS  placed  m  a  dimly  lighted  room,  he  is  more  or  less  completely 
deprived  of  the  power  of  vision. 

3.  Go7itmction  of  the  visual  field  is  always  present,  and  be- 
comes very  marked;  it  consists  in  concentric  limitation  of  the 
fields  for  white  and  for  colours  around  the  central  region  This 
contraction  also  bears  a  definite  relation  to  the  intensity  of  the 
Illumination  employed  in  the  use  of  the  perimeter;  the  feebler 
the  Illumination  the  more  contracted  does  the  field  become 

IdfalrrTT      ''^'^S'-^'-  -  case  of  moderately 

advanced  retinitis  pigmentosa  in  bright  daylight.    The  central 
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vision  was  fairly  good  (V=^),  but  .the  patient  could  only 
distinguish  objects  situated  close  to  the  visual  axis. 

These  functional  derangements — night-blindness  and  con- 
traction of  the  visual  field — are  extremely  distressing.  From 
the  earliest 'date  of  the  disease  it  becomes  more  and  more 
difficult  for  the  patients  to  see  their  way  about  after  dark,  or 
even  in  the  twilight ;  and  with  the  advance  of  contraction  of  the 
visual  field,  there  is  proportionate  difiiculty  in  indirect  vision. 
The  patient  can  then  only  see  the  object  directly  looked  at ;  his 
freedom  of  movement  is  consequently  much  impaired,  because 
he  is  compelled  constantly  to  turn  his  head  or  his  eyes  in  differ- 
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Fig.  75.  -Visual  Field  in  Retinitis  Pigmentosa  (rigtt  eye). 

ent  directions  in  order  to  acquaint  himself  with  surrounding 
obiects.  After  a  time  central  vision,  even  with  good  light, 
becomes  affected,  and  in  the  end  total  blindness  often  ensues 

The  symptoms  usually  begin  in  early  life,  while  m  a  few 
cases  no  trouble  is  noticed  until  the  age  of  fifteen  or  twenty 
vears  The  consummation  of  the  disease  generally  comes  after 
ihe  age  of  twenty  or  thirty  years.  Both  eyes  are  similarly  and 
simultaneously  attacked.  _ 

Paiholoqy  —The  disease  is  essentially  a  primary  degenera- 
tion of  the  retina  ;  there  is  no  ophthalmoscopic  or  microscopic 
evidence  whatever  of  inflammation.  The  affected  portions  of 
the  retina  show  complete  atrophy  of  the  nerve-elements  (rods, 
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cones,  and  fibres).  There  is  interstitial  development  of  con- 
nective tissue.  The  walls  of  the  vessels  are  found  to  have 
undergone  hyaline  thickening,  by  which  their  lumen  is  greatly 
diminished  ;  the  finer  arterioles  of  the  perijDhery  being  completely 
transformed  into  tracts  of  connective  tissue.  The  pigment  is 
found  in  granular  masses  in  the  inner  layers  of  the  retina  (see 
fig.  76),  often  arranged  around  the  vessels  in  their  surrounding 
lymph  sheaths.  Colloidal  degeneration  of  the  retinal  epithelium 
usually  takes  place,  and  these  swollen  colloidal  cells  grow  into 
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Fig.  7(i.-Eetinitis  Pigmentosa.    (Photomicrograph  x  30n  ^ 
o,  outer  part  of  -mb^e^ox  '^n.cl.^  layer  :  OM,  outer  uaolecular  .aver  ; 
1,  inner  part  ot  retma  ;  i;  pigmentary  deposits. 

the  substance  of  the  retina  and  may  be  found  in  the  perivascular 
ymph  spaces  with  masses  of  pigment.    The  choroid  appears  to 
be  unaffected  in  true  pigmentary  retinitis,  although  it  often 
presents  lesions  m  syphilitic  choroido-retinitis 

The  ca«.e,s  are  unknown.    Heredity  has  a  great  influence.  It 
IS  frequently  found  m  several  members  of  the  same  family 
S  '  ^^"^^^^^^  P^'oved  to  exist  in  aboxft 

svnhf,  .  .     .        '  '''''  Hutchinson),  and  congenital 
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The  diagnosis  is  easy  in  ordinary  cases.  Difficulty  some- 
times arises  in  cases  of  advanced  syphilitic  choroido-retinitis, 
where  there  is  much  pigment.  In  true  retinitis  pigmentosa 
there  should  be  no  fatches  of  choroidal  atrophy,  and  no  vitreous 
opacities. 

Prognosis  is  unfavourable,  but  the  rate  of  progress  is  usually 
slow,  and  the  patient  may  go  on  to  the  age  of  fifty  or  sixty 
before  he  is  absolutely  blind. 

Treatment  is  unavailing,  A  few  cases  have  been  somewhat 
improved  in  visual  acuity  and  in  visual  field  by  galvanism.' 
Beyond  this  a  tonic  regimen  and  a  proper  care  of  what  sight 
remains  are  the  only  means  in  our  power. 

The  differences  in  appeara^ice  between  choroiditis  and  retinitis. 
It  is,  for  anatomical  as  well  as  physiological  reasons,  exceptional 
to  have  inflammation  of  the  choroid  alone,  since  the  outer  layers 
of  the  retina  are  nourished  entirely  by  the  choroid.  Consequently, 
as  one  would  expect,  inflammation  of  the  choroid  always  involves 
the  most  important  elements  of  the  retina— the  rods  and  cones  : 
irritation  at  first— p/tosjj/teiies— and  other  visual  disturbances; 
destruction  at  last^scotomata.    Retinitis,  on  the  other  hand, 
frequently  occurs  without  inflammatory  changes  in  the  choroid. 
Thus    choroido-retinitis   is   almost   invariably   secondary  to 
choroiditis. 

In  distinguishing  the  two  aff'ections,  the  following  pomts 
should  be  observed  :  In  retinitis,  there  is  usually  papillitis  with 
its  characteristic  features  ;  the  changes  are  finer  in  character,  not 
so  gross  as  in  choroiditis  ;  hoemoirhages  frequently  occur  along 
the  course  of  the  vessels,  and  the  exudations  or  pigmentary 
deposits  may  be  situated  on  the  retinal  vessels,  temporarily 
hiding  them  from  view.    In  choroiditis  (by  choroiditis  we  mean 
inflammation  of  the  choroid  which  originates  and  mainly  involves 
that  membrane)  the  changes  occur  heneath  the  retinal  vessels  ; 
the  latter  are  often  seen  coursing  over  the  exudations  or  atrophic 
patches:  vitreous  opacities  are  usually  present ;  the  lesions  are, 
in  the  atrophic  stages,  very  pronounced;  there  are  no  v^s^Ue 
changes  in  the  disc  or  retinal  vessels,  neither  are  retinal  haemor- 
rhages seen.  In  choroido-retinitis,  in  which  both  membranes  are 
equally  involved,  a  combination  of  the  above  ophthalmoscopic 
'  Gunn,  OpMh.  Hosi>.  Rej'orts,  vol.  x.  p.  161. 
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Fig.  2.— Severe  Detaolunent  of  Retina. 
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signs  is  found.  SyiDbilitic  choroido-retinifcis  is  liable  to  simulate 
retinitis  pigmentosa.    For  the  points  in  diagnosis,  see  p.  181. 

retachment  of  the  Eetina. — Siimiduiiii;. — 'By  direct  ophthalmo- 
scupic  examination  various  appearances  are  presented,  according 
to  the  nature  and  quantity  of  the  effused  subretinal  fluid,  and 
the  length  of  time  the  detachment  has  existed.    The  detachment 
may  be  slight  or  extensive,  it  may  involve  the  whole  or  a  part 
of  the  retina,  it  may  occur  at  any  part  of  the  fundus,  but  is 
usually  situated  near  the  equator  at  the  lower  part.  Whenever 
tlie  retina  is  separated  from  the  choroid,  that  part  of  the  fundus 
is  changed  in  appearance.    When  the  detachment  is  recent  and 
the  retina  retains  its  transparency,  the  alteration  in  focus,  the 
dark  colour  and  the  wavy  outline  of  the  vessels,  are  the  only 
signs.    When  the  detachment  has  existed  for  some  time,  the 
normal  orange-red  aspect  of  the  corresponding  part  of  the  fundus 
is  generally  found  to  assume  a  greyish,  semi-transparent,  or 
opaque  appearance.    When  the  subretinal  effusion  is  slight,  and 
the  retina  transparent,  there  is  still  a  red  reflex  from  the  choroid. 
When  the  detached  portion  of  the  retina  is  opaque,  this  reflex  is 
altogether  absent.    When  the  detachment  has  existed  for  a 
considerable  period,  it  is  usually  found  to  float  up  and  down  in 
the  vitreous  with  quick  movement  of  the  globe.    When  a  con- 
siderable portion  of  the  retina  is  separated,  its  surface  is  found 
to  present  an  undulating,  rippled  appearance  (see  figs.  1  and  2 
on  the  opposite  page).    The  line  of  demarcation  from  the  rest 
of  the  fundus  is  usually  distinct.    The  retinal  vessels  are  seen 
to  follow  the  undulations;  their  colour  is  usually  darker  than 
normal,  and  they  appear  to  be  diminished  in  size ;  at  the 
posterior  edge  of  the  detachment  they  suddenly  dip  and  disap- 
peai%    In  thus  examining  the  detached  portion  of  the  retina  by 
the  direct  method  it  must  be  remembered  that  whilst  this  is  in 
focus,  and  can  be  best  seen  by  a  strong  convex  lens,  the  rest  of 
the  fundus  is  out  of  focus,  and  may  require  even  a  concave  lens 
m  order  to  be  properly  examined.    By  the  indirect  method  the 
greyish  or  bluish-grey  aspect  of  the  detachment  is  less  apparent 
than  by  the  direct ;  and  unless  the  media  are  very  clear  and  the 
cle  achment  sharply  limited,  it  becomes  difiicult  to  ascertain  the 
extent  of  the  lesion  by  this  method.    In  all  cases  the  pupil 
should  be  dilated  by  atropine  or  homatropine.    Sometimes  the 
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detachment  extends  as  far  as  the  edge  of  the  disc,  so  that  a  part 
of  the  latter  is  obscured,  whilst  the  remainder  can  be  seen. 
Occasionally  the  detachment  extends  to  the  whole  retina,  which 
is  then  pushed  forwards  in  a  funnel-shaped  manner,  so  that  all 
fundus-reflex  is  destroyed. 

The  functional  troubles  of  this  lesion  are  severe  and  charac- 
teristic. The  onset  is  usually  sudden,  but  only  one  eye  may  be 
affected,  so  that  the  patient  is  not  always  aware  of  the  change, 
and  may  not  discover  it  until  some  time  afterwards.  Generally, 
however,  the  patient  notices  a  sort  of  cloud  appear  before  the 
eye,  which  obscures  the  sight.  The  visual  field  is  found  to 
present  a  scotoma  corresponding  to  the  detached  portion  of 
the  retina.  A  careful  examination  in  this  direction  should  be 
made,  inasmuch  as  the  scotoma  often  extends  over  a  arreater 
area  than  the  corresponding  apparent  detachment ;  we  may  thus 
learn  that  the  adjacent  parts  are  threatened  with  further  separa- 
tion, which  indeed  has  already  commenced.  Objects  sometimes 
appear  to  be  distorted  in  different  ways  (metamorphopsia). 

The  tension  of  the  eyeball  maybe  normal,  raised,  or  diminished. 
In  traumatic  detachments  it  usually  remains  normal ;  in  myopic 
detachment  there  is  nearly  always  diminished  tension  ;  and  if 
the  detachment  be  caused  by  an  intra-ocular  growth  the  tension 
may  be  raised. 

Premonitory  symjjtoms,  as  muscae  volitantes,  are  sometimes 
observed;  patients  also  complain  of  subjective  sensations  of 
flashes  of  light.  The  fluid  beneath  the  retina  is  albuminous  in 
nature ;  it  usually  contains  blood,  lymph,  fat,  pigment,  and 
epithelial  cells.  The  vitreous  is  often  more  fluid  than  normal, 
and  usually  contains  floating  opacities.  After  prolonged  sepa- 
ration, but  not  at  first,  the  structure  of  the  retina  becomes 
altered. 

The  causes  of  detachment  are  various.  The  most  common 
is  the  posterior  sclero-choroiditis,  which  is  allied  with  j^'^'ogres- 
sive  myopia.  Traumatism  may  produce  detachment  either  im- 
mediately or  at  a  remote  period.  Inflammation  of  orbital 
tissues,  intra-ocular  tumours,  or  inflammatory  products  in  the 
vitreous,  also  not  unfrequently  cause  detachment  at  some  period 
of  their  existence. 

The  prognosis  is  generally  unfavourable.     I]ven  in  the  best 
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cases,  where  the  dise<ase  remains  stationary,  the  vision  is  always 
defective,  and  we  are  never  certain  that  the  affection  may  not 
extend  to  the  rest  of  the  retina.  A  few  cases  of  spontaneous 
recovery  are  on  record,  and  some  good  has  been  effected  by 
treatment.  It  must  be  borne  in  mind  that  where  one  eye  only  is 
affected,  the  second  eye  is  generally  in  danger  of  a  similar  attack. 

The  freatment. — The  eyes  should  be  rested,  and  protected 
from  the  light  by  means  of  a  large  shade,  or  by  smoked  glasses. 
The  general  health  should  be  supported  by  a  tonic  regimen. 
The  hypodermic  injection  of  hydrochlorate  of  pilocarpine  (F.  39) 
has  been  recently  tried  in  some  cases  with  good  results,  in  others 
mthout  benefit.     Operative  procedures  of  various  kinds  have 
been   performed    by  kSichel,  Bowman,  De   Wecker,  Graefe, 
Hirschberg,  and  others,  but  without  very  satisfactory  results. 
Siwple  puncture  is  easily  performed.     Having  ascertained  by 
ophthalmoscopic  examination  the  exact  position  of  the  detach- 
ment, the  eyelids  are  separated  by  a  speculum,  and  the  globe  is 
held  firmly  by  the  fixation  forceps  in  such  a  position  that  the 
detached  portion  is  brought  towards  the  front ;  a  broad  needle 
or  a  Sichel's  cataract  knife  is  then  plunged  through  the  con- 
junctiva and  the  tunics  of  the  globe  into  the  middle  of  the 
detachment ;  in  doing  this  the  point  of  the  instrument  should  be 
directed  towards  the  centre  of  the  globe — that  is,  away  from  the 
lens.     In  the  act  of  dou-hj  withdrawing  the  instrument,  its 
blade  may  be  half  rotated  whilst  between  the  lips  of  the  wound ; 
this  will  facilitate  the  escape  of  the  subretinal  jQiuid.  After 
the  operation  a  light  compress  is  applied  and  the  patient  kept 
quietly  in  bed.     This  method  has  in  a  few  instances  been 
attended  by  partial   replacement  of  the   retina,  considerable 
improvement  in  visual  acuity,  and  diminution  of  the  visual 
scotoma.    In  the  majority  of  cases,  however,  it  has  been  of  no 
l^erceptible  benefit,  and  in  a  few  the  eye  has  become  much  worse 
after  the  puncture. 

Prophylactic  meas^ires  would  appear  to  be  most  strongly  indi- 
cated in  this  affection.  In  the  case  of  high  myopia,  for  example. 
It  IS  of  the  greatest  importance  that  the  error  of  refraction  should 
be  con-ected  by  the  use  of  proper  spectacles,  whilst  the  eyes  are 
spared  from  all  strain  and,  indeed,  as  much  as  possible  from  ordi- 
nary work. 


264    niSEASJSS  OF  THE  OPTIC  NERVE  AND  RETINA. 


Glioma  of  the  Eetina. — Siimptoms.. —  Glioma  usually  occurs  in 
early  life,  either  intra-uterine,  or  during  the  first  three  or  four 
years ;  occasional  cases  have  been  recorded  up  to  ten  years.   In  the 
early  stage  the  ophthalmoscope  reveals  one  or  more  brilliant  white 
or  pinkish-white  patches  in  some  part  of  the  retina.  These 
patches  differ  considerably  from  those  of  retinitis  in  being  of  a 
brighter,  more  metallic,  lustre.    The  tension  is  normal  (Tn)  or 
slightly  diminished  (Brailey).    There  are  no  external  changes 
in  the  appearance  of  the  eye,  no  pain  is  complained  of ;  the  eye 
is  quite  blind,  but  this  is  not  discovered  owing  to  the  youth  of 
the  patient ;  hence  the  disease  is  rarely  seen  at  this  early  period ; 
it  usually  passes  unnoticed  until  the  growth  has  become  suffi- 
ciently large  to  be  visible  through  the  pupil ;  it  is  then  detected 
by  the  parents,  and  sooner  or  later  the  patient  is  brought  for 
advice.    In  this,  the  second  stage,  the  pupil  of  the  affected  eye 
usually  becomes  considerably  dilated.    The  tension  is  increased 
(T  +  (?),  T  +  1).    The  pupil  no  longer  has  its  normal  black  ap- 
pearance, but  presents  a  white,  pink,  or  yellowish  lustrous  look, 
the  '  cat's  eye  '  appearance.    By  focal  illumination  the  tumour 
may  be  observed  to  project  into  the  vitreous  cavity  ;  the  surface 
may  be  smooth  or  nodulated ;  and  some  blood-vessels  can  gene- 
rally be  seen  upon  the  white  background.    By  the  opJdhalmo- 
scope  a  similar  condition  is  observed.    The  lens  and  vitreous ^are 
usually  clear.    In  this  stage  there  is  often  pain  in  the  eye,  and 
inflammatory  symptoms  are  liable  to  supervene  in  the  form  of 
congestion  of  the  scleral  vessels.    As  the  growth  increases  the 
lens  is  pushed  forward,  the  anterior  chamber  becomes  shallow, 
the  cornea  becomes  dull  and  opaque,  and  loses  its  sensitiveness ; 
the  eye,  in  fact,  becomes  glaucomatous.    As  the  growth  continues 
to  increase  in  volume,  the  tunics  of  the  globe  can  no  longer  sus- 
tain the  intra-ocular  pressure,  and  usually  become  ruptured  m 
the  region  of  the  sclero-corneal  junction.    In  this,  the  third  stage, 
the  tension  is  suddenly  decreased,  and  the  disease  rapidly  ex- 
tends to  the  surrounding  parts,  and  backwards  along  the  course 
of  the  optic  nerve  to  the  brain. 

Pathology.  —When  an  eye  with  glioma  is  opened  during  the 
second  stage  the  tumour  presents  a  yellowish-white  appearance  ; 
it  contains  blood-vessels,  hgemorrhages  are  seen,  and  in  some 
parts  there  are  calcareous  particles.    Histologically  this  new- 


GLIOMA  OF  THE  EETINA. 


•255 


growth  consists  of  small  round  cells  exactly  similar  to  those 
found  in  tlie  granular  layers  of  the  normal  retina.  Each  cell  is 
a  rounded  body  about  y^gir  diameter,  and  contains  a 

large,  freely  staining  nucleus,  in  the  centre  of  which  are  a  few 
granules.    Blood-vessels  are  found  in  the  tumour  ;  they  are  not 
in  actual  contact  with  the  cells,  but  usually  have  a  distinct 
sheath,  probably  a  lymph  space  ;  oixtside  this  clear  space  is  found 
a  zone  of  cells  which  stain  freely ;  beyond  these  the  staining 
becomes  more  feeble,  and  the  cells  are  found  to  have  undergone 
either  fatty  or  calcareous  degeneration.    Finally,  the  vessels 
become  destroyed,  and  the  whole   glioma  degenerates  from 
absence  of  blood-supply.    If  we  examine  the  free  or  spreading 
edge  of  tlae  tumour,  we  find  that  the  granular  layers  and  the 
layer  of  nerve-cells  are  the  parts  first  attacked.    Two  chief  kinds 
of  glioma  are  recognised,  viz.  G.  exoplmjtum  and  G.  endoiihijtum. 
Glioma  exophytum  commences  in  the  inner  granular  layer,  which 
becomes  thickened  to  join  the  outer  ;  a  diffuse  tliickening  of  the 
whole  retina  is  formed,  with  nebular  bulging  on  its  outer  side,  from 
which  the  disease  extends  to  the  choroid.    This  is  the  form  most 
frequently  met  with  ;  and  as  it  does  not  perforate  the  internal 
limiting  membrane  until  a  late  stage,  the  smooth  contour  of  the 
growth  is  maintained,  which  accounts  for  its  glistening  nature. 
Glioma  endophytum  commences  in  the  nuclear  and  nerve-fibre 
layers  of  the  retina,  whence  it  usually  extends  along  the  optic 
nerve.    The  parts  of  the  retina  which  are  not  at  first  attacked 
would  seem  to  be  the  rods  and  cones,  the  molecular  layers,  the 
system  of  Miiller's  fibres,  the  basement  or  limiting  membranes, 
and  the  pars  ciliaris  retinae.    The  structures  which  are  attacked 
appear  to  be  the  nerve-elements  and  the  very  delicate  neuroglia. 
The  mode  of  extension  of  glioma  is  important.    Its  chief  direction 
IS  along  the  fibres  of  the  optic  nerve.    Here  the  cells  first  plug  up 
the  optic  disc  so  as  to  push  back  the  lamina  cribrosa;  after  a 
time  they  appear  on  the  outside  of  the  latter,  in  the  form  of 
clusters  occupying  the  bundles  of  nerve-fibres ;  the  coarse  trabe- 
cular tissue  is  but  little  affected,  even  in  advanced  cases  The 
central  artery  and  vein  are  not  attacked.    From  the  optic  nerve 
the  cells  sometimes  get  into  the  nerve-sheath,  and  thence  extend 
to  the  intracranial  meninges,  occasionally  also  to  the  diploe  of 
the  cranial  bones.    Sometimes  the  child  has  glioma  in  the  other 
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eye,  but  we  have  no  evidence  to  prove  that  the  disease  spreads 
from  one  eye  to  the  other. 

Another  mode  of  extendon  is  by  waif  of  the  choroid ;  glioma 
exophytum  usually  spreads  in  this  way.  The  part  of  the  choi-oid 
first  invaded  is  that  nearest  to  the  optic  disc.  When  the  cells 
get  into  the  choroid  itself  they  immediately  increase  by  multi- 
plication, and  the  tissue  of  the  choroid  is  destroyed,  its  place 
being  occupied  by  a  thicker  layer  of  glioma  cells.  These  cells 
then  extend  to  the  sclerotic,  which  is  attacked  in  the  direction 
of  its  component  fibres.  They  then  pass  forwards  along  the 
suprachoroidal  lymph  space,  through  the  fibres  of  the  liga- 
mentum  pectinatum,  into  the  anterior  chamber.  They  may  thus 
push  back  the  lens  ;  sometimes  they  cause  necrosis  of  the  cornea. 
When  not  in  the  anteiior  chamber  they  may  cause  forward 
bulging  of  the  lens.  The  vitreous  undergoes  atrophy,  and 
causes  a  peculiar  wavy  appearance  of  the  retina  (detachment). 

Metastatic  gliomatous  tumours  are  said  to  occur  in  the  liver 
and  other  parts,  but  these  are  very  rare,  if  they  occur  at  all. 
No  new-growth  similar  to  glioma  is  found  in  any  other  part 
of  the  body  except  the  nervous  system.  Glioma  was  formerly 
called  carcinoma,  fungus  haematodes,  &c.  At  present  it  is 
considered  to  grow  from  the  delicate  connective  tissue  of  the 
neuroglia,  and  ought  therefore  to  be  called  a  sarcoma.  TlerecUi;/ 
appears  to  play  an  important  role  in  the  existence  of  these 
tumours ;  two  or  more  children  of  the  same  parents  may  suffer, 
and  a  history  of  cancer  of  the  eye  during  the  early  part  of  the 
parent's  life  may  sometimes  be  elicited. 

Biagnods  is  usually  quite  easy.  Given  a  lustrous,  white,  or 
pinkish-white  tumour,  occurring  in  a  young  child,  where  there 
have  been  no  perceptible  inflammatory  symptoms,  and  where 
the  intra-ocular  tension  is  increased,  we  have  no  hesitation  in 
pronouncing  this  to  be  glioma. 

In  suppurative  hyalitis,  which  may  have  disappeared  leaving 
the  retina  detached,  in  exudative  cyclitis,  and  in  exudative  cho- 
roiditis, a  condition  is  not  unfrequently  present  which  is  some- 
what similar  to  glioma,  and  for  that  reason  such  cases  are  known 
by  the  vague  term  pseudo-glioma.  The  clinical  features  of  this 
condition  are  such  that  a  diagnosis  from  true  glioma  is  not  diffi- 
cult.   The  reflex  fi'om  the  surface  of  this  exudation,  which  is 
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usually  flush  with  the  back  of  the  lens,  is  not  brilliant  or 
fjlistenimj^  it  is  yellowish-white  in  colour,  whereas  glioma  is 
white  or  pinkish-white,  the  tension  is  usually  reduced,  and  there 
is  generally  a  history  or  some  other  symptom  of  previous  in- 
flammation in  the  eye.    Another  important  difference  consists 
in  the  appearance  of  the  iris ;  in  glioma  the  whole  of  this  is 
pushed  forwards  towards  the  cornea,  but  in  the  so-called  pseudo- 
glioma  the  contraction  of  the  inflammatory  products  in  the 
vitreous  causes  retraction  of  the  ciliary  edge  of  the  iris,  so 
that  the  latter  presents  the  appearance  of  a  truncated  cone 
with  its  narrow  end  projecting  forwards.    Other  points,  as  the 
age  of  the  patient,  evidences  of  old  iritis,  as  pigment  on  the 
•capsule  of  the  lens,  synechia3,  &c.,  assist  in  the  diagnosis. 
Hill  Griffith  1  has  pointed  out  that  pseudo-glioma  may  complicate 
•a  glioma  of  the  retina ;  the  former  being  visible  and  the  latter 
not.    He  is  of  opinion  that  the  presence  of  a  pseudo-glioma 
in  a  child's  eye  accompanied  with  increase  of  tension  demands 
•early  enucleation. 

The  treatment  oi  glioma  consists  in  the  immediate  removal  of 
the  whole  of  the  affected  globe  and  as  much  of  its  optic  nerve 
as  possible.    By  this  means  the  disease  is  prevented  from 
spreading  backwards  to  the  brain  and  in  other  directions,  so 
that,  although  the  eye  is  lost,  the  patient's  life  may  be  saved. 
After  excision  of  the  globe  in  this  manner,  the  cut  end  of  the 
optic  nerve  should  be  examined  microscopically.    If  this  is  of 
normal  size,  and  contains  no  glioma-cells,  we  may  hope  for  a 
good  result.    If  slightly  swollen,  and  a  few  of  the  nuclear 
bodies  are  found,  the  result  is  doubtful.    If  much  swollen  and 
numerous  nuclear  bodies  are  found,  there  will  probably  be  a 
return  of  the  disease  in  the  optic  nerve  in  the  course  of  a  few 
months. 

When  the  disease  has  perforated  the  ocular  tunics  and 
affected  the  surrounding  parts,  the  whole  of  the  contents  of  the 
orbit  must  be  extirpated,  although  the  prognosis  is  extremely 
;grave. 

'  Med.  Chron.  April  and  May,  1892. 


S 


^58    THE  VISUAL  FIELD,  AND  USE  OF  FERIMETER. 


CHAPTER  VIII. 

ox  THE  VISUAL  FIELD  AND  TEE  USE  OF  THE  PERIMETEB. 

The  visual  field  is  the  extent  of  a  plane  at  right  angles  to  the 
visual  axis,  over  which  the  eye  can  recognise  objects.  Thus  the 
eye  being  fixed  on  any  point,  '  the  fixation  point,'  its  image  will 
fall  on  the  yellow  spot  (direct  vision)  ;  at  the  same  time  other 
objects  will  be  less  distinctly  seen  by  the  periphei^al  portions  of 
the  retina  (indirect  vision).  The  objects  most  distant  from  the 
fixation  point  will  represent  the  limits  of  the  visual  field,  and  the 
latter  may  be  considered  as  subtending  a  cone-shaped  space  whose 
apex  is  situated  at  the  eye,  and  whose  base  becomes  larger  in 
proportion  to  its  distance  from  the  eye. 

If  the  yellow  spot  were  the  only  portion  of  the  retina  used 
for  visual  purposes  we  should  suffer  the  greatest  inconvenience 
from  being  able  to  see  nothing  but  the  object  to  which  the  visual 
axis  was  directed  ;  all  side  objects,  such  as  passers-by  in  the  street, 
the  ground  on  which  we  walk,  and  the  thousands  of  other  objects 
which  we  see  indirectly  with  the  peripheral  portions  of  the  retina, 
could  then  only  be  observed  by  constant  turning  of  the  eyes  or 
head. 

The  limits  of  the  visual  field  may  be  roughly  ascertained  in 
various  ways. 

1.  Place  the  patient  with  his  back  to  the  window  or  gaslight ; 
let  him  close  one  eye,  and  with  the  other  look  straight  at  your 
nose  at  a  distance  of  about  two  feet ;  then  hold  up  your  two  hands 
on  opposite  sides  of  your  nose  in  the  plane  of  the  face,  and  ascer- 
tain to  what  extent  they  can  be  separated  in  the  vertical,  hori- 
zontal, and  oblique  directions  before  they  disappear  from  his  in- 
direct vision.  c      -  ^ 

2  The  Perimeter  consists  of  the  arc  or  quadrant  ot  a  cn-cie 
which  in  turning  on  a  point  describes  a  hemisphere,  at  the 
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centre  of  which  the  eye  of  the  patient  is  placed.  The  hemisphere 
thus  described  must  be  amply  illuminated  by  diffused  white 
light.  At  the  pole  of  the  hemisphere  which '  is  opposite  to  the 
patient's  eye  is  a  white  spot,  which  the  patient  can  fix  by  direct 
vision.  The  arc  is  divided  into  degrees,  starting  from  0°,  which 
marks  the  white  spot,  up  to  90°.  These  divisions  are  marked 
upon  the  arc.  The  test-objects  should  consist  of  small  discs  of 
white  and  coloured  paper,  of  3  to  10  mm.  diameter.  In  order 
to  ascertain  the  limits  of  the  visual  field  we  j)roceed  as  follows : 

The  head  being  fixed,  and  the  eye  to  be  examined  being 
placed  at  the  centre  of  the  hemisphere,  the  other  eye  is  covered 
with  a  shade.  The  patient  is  then  told  to  look  steadily  at  the 
white  spot  above  mentioned,  while  the  surgeon,  placing  himself 
behind  the  perimeter,  keeps  a  watch  on  the  patient's  eye,  so  as 
to  be  able  to  check  its  least  deviation  from  the  centre.  Then, 
the  arc  of  the  perimeter  being  held  in  a  certain  plane,  the  ver- 
tical for  example,  the  test-object  is  advanced  from  the  periphery 
towards  the  centre  of  the  arc  until  it  is  just  recognised  by  the 
eye  under  examination.  This  point  corresponds  to  the  limit  of 
the  visual  field  for  that  meridian. 

The  horizontal  and  oblique  meridians  are  then  similarly 
ascertained,  and  the  data  are  transcribed  on  to  a  diagram  or 
^  chart,'  such  as  is  shown  in  fig.  77,  which  represents  the  pro- 
jection of  a  hemisphere  upon  a  plane  surface.  In  that  diagram 
we  have  a  series  of  concentric  circles  cut  by  numerous  radii  or 
diameters.  The  centre  corresponds  to  0°  or  the  point  of  fixation 
and  the  diameters  to  the  different  planes  in  which  the  measure- 
ments have  been  made.  At  the  extremity  of  each  radius  a 
number  shows  the  inclination  of  the  corresponding  meridian  to 
the  vertical.  The  radii  themselves  are  also  divided  into  equal 
parts,  each  corresponding  to  10°  of  the  divisions  upon  the  arc  of 
the  perimeter. 

Thus,  supposing  the  right  eye  to  be  under  examination  for 
white  and  we  find  the  limits  of  indirect  vision  in  the  horizontal 
meridian  to  extend  to  90°  on  the  outer  side,  70°  on  the  inner- 
we  proceed  to  mark  these  by  dots  or  pricks  upon  the  horizontal 
line  ot  the  chart  at  the  points  corresponding  to  90°  and  70°  on 
the  outer  and  inner  parts  respectively.  The  other  meridians 
are  similarly  measured  and  marked  off;  and  the  dots  are  finally 

s  2  * 


260    TUE  VISUAL  FIELD,  AND  USE  OF  rEltlMETER. 


joined  together  by  a  continuous  line,  in  the  manner  represented 
in  fig.  77. 

In  this  way  we  find  that  the  normal  visual  field  is  not  circular, 
but  that  it  is  more  extensive  in  the  outer  and  lower  than  in  the 
inner  and  upper  portions.  This  is  due  partly  to  the  fact  that 
the  retina  extends  slightly  farther  forwards  on  the  inner  side 
(which  of  course  corresponds  to  the  outer  side  of  the  visual  field), 
but  chiefly  to  the  circumstance  that  the  outer  part  is  less  used 
than  the  inner,  in  consequence  of  the  projection  of  the  nose 
shutting  off  peripheral  rays  coming  from  the  inner  side. 


o 
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Fig.  77.— Normal  Visual  Field  (left  eye). 


 blue,  red  green. 

Visual  field  for  colours. — In  testing  the  limits  of  the  field  for 
colours,  Landolt'  found  that  when  colours  of  great  intensity, 
such  as  those  of  the  solar  spectrum,  are  used,  they  can  be  recog- 
nised quite  up  to  the  limits  of  the  field  for  white.  When, 
however,  ordinary  discs  of  coloured  paper  of  about  2  cm.  dia- 
meter are  used  in  the  manner  above  indicated  for  white,  it  is 
found  that  the  peripheral  portions  of  the  retina  are  less  easily 
excited  by  coloured  than  by  white  discs,  and  that  each  colour 
has  its  own  limits,  beyond  which  it  ceases  to  be  perceived  by  the 
retina.  Thus,  if  we  test  the  normal  eye  with  the  fundamental 
colours,  blue,  red,  and  green,  in  ordinary  bright,  well-diffused 
•  Exaviination  of  the  Eyes,  1879.    By  Dr.  E.  Landolt. 
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daylight,  we  find  that  on  passing  the  test-object  from  the 
periphery  towards  the  centre,  the  blue  is  the  first  to  be  recog- 
nised, after  that  the  red,  and  next  the  green.  If  the  fields  for 
each  of  these  colours  are  respectively  taken,  and  their  outlines 
marked  with  coloured  pencils,  we  obtain  a  chart  similar  to  that 
represented  in  fig.  77.  Thus  we  find  that  the  field  for  blue  is 
almost  as  large  as  that  for  white,  that  it  is  larger  than  that  for 
red,  whilst  the  field  for  green  is  considerably  smaller  than  that 
for  red. 

Of  the  other  colours  of  the  spectrum,  the  field  for  yellow  is 
very  similar  to  that  for  blue  ;  the  field  for  orange  exists  between 
the  limits  of  the  yellow  and  the  red.  Violet  is  a  difficult  colour 
to  test ;  it  appears  for  a  considerable  distance  as  blue  before  its 
colour  is  really  recognised  as  violet.  The  three  fundamental 
colours,  red,  green,  and  blue,  are  really  all  that  are  required  in 
practice. 

The  limits  of  the  normal  fields  for  colour  are  necessarily 
difficult  to  fix  with  accuracy,  because,  as  we  have  seen,  the 
sensibility  of  the  retina  varies  with  the  intensity  of  the  colour 
and  the  brightness  of  the  illumination;  and  the  acuteness  of 
vision  for  colour  is  much  less  marked  at  the  periphery  than 
towards  the  centre  of  the  field. 

_  From  a  number  of  experiments  on  this  subject,  Landolt  is  of 
opinion  that  the  following  should  represent  the  minimum  extent 
of  the  normal  visual  field  for  colours  : 

Blue  Eed  Green 

Upper       .       .       ,50°  .S6°  390 

Outer       .       .       .80°  70°  55" 

Lower      .       .       .65°  45°  350 

Inner       .       .       ,50°  40°  30'-- 

Other  observers,  however,  consider  that  the  normal  limits  are 
considerably  less  than  this.  This  difference  of  opinion  is  doubt- 
less owing  to  different  conditions  in  experimenting. 

_  Scotomata.— Having  ascertained  the  limits  of  the  visual  field 
It  IS  necessary  to  examine  its  area  in  order  to  ascertain  if  there 
exist  any  blmd  spots  (scotomata),  Scotomata  may  be  relative  or 
^^hsoMe.  When  relative,  the  test-object  is  only  obscurely  seen 
over  the  area  affected ;  or  certain  colours  may  be  lost,  whereas 
others  are  retained.  An  absolute  scotoma  is  present  when  the 
object  IS  completely  lost  to  view  over  a  limited  area  of  the  field 
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To  find  them,tlie  test-object  should  be  passed  from  the  periphery 
of  the  field  towards  its  centre  in  the  different  meridians.  The 
patient  fixes  the  white  spot  on  the  perimeter  as  before,  and  is 
instructed  to  give  a  sign  the  moment  that  the  object  becomes 
obscare  or  entirely  disappears,  and  when  it  again  becomes  clearly 
visible.    These  points  are  then  recorded  on  the  chart. 

The  Mind  spot. — There  is  one  part  of  the  field  in  which  a 
scotoma  is  always  present ;  this  corresponds  to  the  optic  disc, 
where,  as  we  have  seen,  the  retiiaa  does  not  exist.  In  emme- 
tropic eyes  the  position  of  this,  the  blind  spot,  is  about  15°  to 
the  outer  side,  and  3°  below  the  centre  of  the  field.  In  hyper- 
metropia  this  distance  is  greater,  and  may  be  as  much  as  19° ; 
whilst  in  myopic  eyes  it  is  less,  and  seldom  exceeds  11°.  The 
form  of  the  blind  spot  is  usually  round,  and  its  diameter  sub- 
tends an  angle  of  5°  to  6°. 

Scotomata  for  colours  are  tested  for  in  the  same  way  as  those 
for  white. 

Numerous  forms  of  the  perimeter  have  been  introduced 
since  this  instrument  was  first  used  by  Aubert.  For  a  long 
time  I  was  in  the  habit  of  using  the  instrument  known  as 
Porster's  perimeter ;  this  is,  however,  an  exceedingly  cumber- 
some apparatus,  consisting  of  a  broad  semicircle  of  wood,  which 
can  be  rotated  about  its  centre  ;  the  test-object  is  moved  along 
this  by  a  system  of  pulleys.  There  is,  however,  no  advantage  in 
using  a  semicircle,  and  most  modern  instruments  have  a  quad- 
rant only. 

The  self-registering  machine  recently  invented  by  Mr. 
McHardy,  and  that  still  more  recently  introduced  by  Mr. 
Priestley  Smith,  are  very  excellent  for  the  rapidity,  accuracy, 
and  facility  witb  which  they  can  be  employed. 

In  Mckardy's  perimeter  (fig.  78)  there  is  a  chin  rest  (e)  and 
a  biting  fixation  bar  (m).  The  height  of  the  rest  and  of  the 
stem  which  supports  the  quadrant  can  be  regulated  to  suit 

different  patients. 

The  test-object— a  disc  of  white  and  coloured  paper— is  fixed 
on  a  traveller  which  is  moved  by  an  endless  band  worked 
by  rotating  the  milled  head  (j).  The  hand  of  the  surgeon  can 
be  concealed  while  rotating  this  by  affixing  the  shield  shown 
detached  in  the  figure  (n). 


McHARDY'S  PERIMETER. 
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The  chief  novelty  in  the  instrument  is  the  mechanism  by 
wliich  the  registering  of  the  field  is  accomplished.  The  milled 
head  {j),  in  addition  to  moving  the  traveller  (i),  rotates  two 
toothed  wheels,  which  cause  two  slips  of  metal  (Ic  and  I)  to  move 
in  the  same  direction  as  the  traveller,  and  at  y^-y  and  ^  of  its 
speed  respectively;  from  each  of  these  there  projects  backwards 
a  sharp  pointer  (p) ;  these  are  so  placed  that  when  the  traveller 


Fig.  78.— McHardy's  Perimeter.' 

IS  at  the  fixation  point  (zero)  their  extremities  lie  exactly  behind 
the  fixation  point. 

The  chart  is  placed  in  a  frame  supported  on  a  hinged  limb 
(c),  m  such  a  position  that  when  the  traveller  is  at  zero  the 
pomters  correspond  to  the  centre  of  the  chart. 

The  quadrant  can  be  rotated  to,  and  fixed  in,  any  position  ; 
and  as  the  plates  supporting  the  pointers  move  with  it,  their 

iqKr^^''.?'!?^''*  ^"^"^  '^^'^       Me^s^^'  Curry  &  Paxton,  of 

195  Great  Portland  Street,  W.    Its  price  is  8Z.  10.9. 
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line  of  movement  always  corresponds  with  the  position  of  th& 
quadrant. 

In  using  the  instrument  the  slow-travelling  pointer  is  usu- 
ally employed,  and  the  other  (which  is  intended  for  mapping 
out  limited  areas  on  an  enlarged  scale)  is  removed.  When  the 
traveller  has  reached  the  limit  of  the  visual  field  the  chart  is 
pressed  against  the  pointer ;  the  position  of  the  test-object  is 
thus  recorded  on  the  chart  by  a  puncture. 

Priestley  Smith's  perimeter. — The  general  arrangement  of 
the  instrument  will  be  understood  from  fig.  79  j  the  following 

points,  only,  need  be  par- 
ticularly described. 

1.  The  patient  rests 
his  cheek  against  the 
wooden  pillar,  so  that  the 
eye  is  about  an  inch  and 
a  half  above  the  knob,  and 
vertically  over  it.  The 
height  of  the  instrument 
is  regulated  by  movable 
blocks. 

2.  The  quadrant,  which 
is  a  flat  strip  of  metal 
engraved  upon  its  two 
sides,  is  rotated  by  a 
wooden  hand-wheel  at- 
tached to  the  axis ;  it  is 
balanced  by  a  weight  upon 
the  band-wheel,  so  that  it 

Fig.  79.— Priestley  Smith's  Perimeter.'  gtand  in  any  position 

without  being  fixed. 

3.  The  test-object  is  a  square  of  paper  gummed  upon  a  light 
vulcanite  wand  which  the  operator  holds  in  the  left  hand. 
With  the  right  hand  he  rotates  the  hand- wheel,  and  pricks  the 
chart. 

4.  The  chart  is  placed  upon  the  hinder  surface  of  the  hand- 
wheel,  and  rotates  with  it.    There  is  a  mark  on  the  hand-wheel 

'  This  instrument  (with  charts)  is  sold  by  Messrs.  Curry  &  Paxton,  of 
195  Great  Portland  Street,  W.    Its  price  is  is. 
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to  show  which  way  the  chart  is  to  be  placed.  This  mark  is 
brought  to  tJie  top,  and  the  chart  is  then  slipped  in  from  above 
downwards  and  in  the  upright  position. 

5.  Immediately  behind  the  hand-wheel  is  fixed  a  horizontal 
scale,  the  divisions  of  which  correspond  with  the  circles  on  the 
chart.  As  the  quadrant  rotates  the  chart  rotates  with  it ;  and 
in  whatever  position  the  quadrant  stands,  the  corresponding 
meridian  of  the  chart  stands  against  the  scale.  This  arrange- 
ment enables  the  operator  to  prick  off  his  observations  with  the 
greatest  ease,  and  has  the  further  advantage  that  the  chart  is 
constantly  under  inspection,  and  that  any  portion  of  the  field 
can  be  immediately  brought  under  examination  at  any  time. 

6.  The  charts  are  of  two  kinds,  A  and  B.  The  A  charts 
correspond  to  the  entire  field,  and  are  divided  by  circles  from 
0°  to  90°,  the  limits  of  the  average  normal  field  being  shown  by 
a  dotted  line.  The  B  charts  are  for  mapping  the  central  part 
of  the  field  on  a  larger  scale,  and  are  divided  from  0°  to  45°. 
The  scale  of  the  perimeter  is  graduated  accordingly  on  its  two 
sides  :  and  A  side  is  to  be  used  with  the  A  charts,  and  B  side 
with  the  B  charts. 

7.  There  are  many  cases  in  which  it  is  better  to  sweep  the 
field,  or  parts  of  it,  in  circles  rather  than  in  meridians,  e.g. 
hemiopic  and  sector-like  defects,  in  which  the  boundary-line  of 
the  field  runs  in  a  meridional  direction.  In  cases  of  this  kind, 
the  test-object  may  be  placed  in  the  clip  which  slides  upon  the 
quadrant,  and  carried  round  the  field  in  successive  circles.  Yide 

'  Ojihthalmic  Review,'  November  1882. 

The  importance  of  systematic  observation  by  means  of  the 
perimeter  is  paramount.  There  is  scarcely  a  lesion  of  the 
mterior  of  the  eye  which  is  not  accompanied  by  perimetric 
symptoms.  Not  only  does  it  frequently  assist  in  establishing  a 
diagnosis  which  without  its  aid  would  have  been  doubtful  but 
a  prognosis  of  the  case  can  often  be  effected  by  this  means 
which  would  otherwise  have  been  impossible.  Thus,  in  atrovliv 
of  the  ophc  nerve  there  is  always  found  to  be  a  contraction  of 
the  visual  field  at  least  for  colours  ;  and  although  this  affection 
IS  easily  recognised  in  the  advanced  condition,  yet  there  are 
many  cases  occurring  in  practice  where,  at  the  onset  of  the 
disease,  the  discs  are  not  particularly  pale,  nor  are  the  vessels 
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contracted.  Unclei-  sucli  circumstances  the  discovery  of  con- 
traction of  the  visual  field  for  colours  is  of  great  assistance,  both 
in  the  diagnosis  and  in  the  prognosis  of  the  affection.  In  ad- 
vancing optic  atrophy,  the  contraction  of  the  visual  field  is 
almost  as  constant  a  symptom  as  the  failure  of  acuteness  of 
vision. 

In  glaucoma,  the  contraction  of  the  visual  field  is  quite 
characteristic  of  the  disease.    First  the  inner,  and  then  the 
upper  and  lower  portions  of  the  field  begin  to  contract,  and  this 
gradually  extends  towards  the  centre  of  the  field,  the  central 
and  outer  parts  alone  remaining  unafiected.    At  a  later  period 
even  the  central  vision  is  abolished,  leaving  only  a  portion  of 
the  outer  part  of  the  field  intact.    Finally  even  this  is  lost. 
The  remarkable  feature  of  this  diminution  is,  that  the  contrac- 
tion of  the  fields  for  colours  appears  to  advance  at  the  same 
rate  as  that  for  white,  and  so  retain  throughout  a  concentric 
arrangement  similar  to  that  existing  in  health.    There  is  some- 
times a  difficulty  in  distinguishing  between  chronic  glaucoma 
and  partial  atrophy  of  the  optic  nerve.    The  cupping  of  the  disc 
may  be  slight,  and  there  may  be  pallor  in  both  afiections ;  but 
in  the  case  of  glaucoma  the  fields  for  colour  are  usually  limited 
in  proportion  to  the  contraction  for  white,  whilst  in  atrophy  the 
colour  sense,  more  especially  for  green  and  red,  may  be  almost 
abolished.     Compare  the  charts  of  optic-nerve  atrophy  and 
glaucoma. 

In  inrjmentary  retinitis  there  is  also  contraction  of  the 
field,  which  is  alone  almost  characteristic  of  the  disease.  Here  we 
usually  find  concentric  limitation  of  the  field,  which  involves  all 
the  peripheral  portions,  and  leaves  a  small  circular  area  around 
the  centre  in  which  the  vision  for  colours  is  comparatively  good. 
Fig.  75  shows  the  chart  of  a  man  suffering  from  this  affection. 

In  detachment  of  the  retina,  also,  the  use  of  the  perimeter 
is  often  of  service.  Thus,  having  found  by  the  ophthalmoscope 
that  a  portion  of  the  retina  is  detached,  we  proceed  to  ascertain 
the  limits  of  the  field  for  white.  Finding  a  limited  portion  in, 
say,  the  upper  half  of  the  field,  destroyed,  we  know  from  this 
that  the  corresponding  lower  half  of  the  retina  is  separated 
from  the  choroid.  Now,  by  further  testing  the  lower  half  of 
this  field  for  colours  we  may  still  learn  something  as  to  pro- 
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gnosis.  If  we  find  the  limits  of  the  fields  for  colour  extending 
quite  up  to  the  edge  of  the  detachment,  this  may  be  regarded  as 
a  favourable  indication ;  if,  on  the  contrary,  the  colour-sense  is 
defective  at  some  distance  from  the  detachment,  a  further  sepa- 
ration of  the  retina  is  to  be  feared. 

In  the  various  forms  of  hemianopsia,  again,  it  is  advisable  to 
keep  a  record  of  the  limits  of  the  persistent  part  of  the  field 
both  for  white  and  for  colours.    It  is  not  at  all  uncommon, 
especially  in  homonymous  hemianopsia,  to  find  the  persistent 
half  of  the  visual  field  in  a  state  of  perfect  visual  acuity,  both 
for  white  and  for  colours.    A  chart  of  such  a  field  is  shown  in 
fig.  82.    Now,  it  is  possible  for  the  central  cause  of  this  affec- 
tion, such  as  a  small  hjeraorrhage  in  the  corresponding  hemi- 
sphere, or  the  pressure  of  a  gumma  upon  the  optic  tract,  to 
recede,  and  so  allow  the  hemianopsia  to  disappear ;  and,  on  the 
other  hand,  the  central  lesion  may  so  increase  as  to  extend  to  the 
opposite  optic  tract.    A  lesion  in  the  tract  causing  homonymous 
hemianopsia  is  not  usually  attended  with  any  peripheral  limita- 
tion in  the  retained  half  of  the  field,  whereas  a  lesion  in  the 
mternal  capsule  or  cortex  is  almost  invariably  accompanied  by 
peripheral  contraction.    By  careful  perimetric  observation  we 
may,  to  a  great  extent,  ascertain  the  condition  of  things  going 
on  within. 

In  the  various  forms  of  toxic  amaurosis— of  which  those  due 
to  tobacco  and  alcohol  {vide  p.  271)  are  the  most  common— the 
perimeter  is  a  valuable  instrument  of  diagnosis,  for  by  it  we  are 
enabled  to  discern  a  central  scotoma  for  colours,  which  is  patho- 
gnomonic of  these  affections. 

Other  forms  of  scotoma  are  sometimes  found.  That  known 
as  the  ring  scotoma  forms  a  band  round  the  point  of  fixation 
while  the  adjacent  portion  of  the  field  is  unaffected,  and  may 
easily  be  overlooked  unless  the  field  be  very  carefully  tested 
A  ring  scotoma  is  not  uncommonly  found  in  those  cases  of 
syphilitic  choroido-retinitis  which  simulate  pigmentary  defene- 
ration of  the  retina  (retinitis  pigmentosa).  What  the  signifi- 
cance of  this  and  other  rare  forms  of  scotoma  is  we  are  not  at 
present  m  a  position  to  state  .;  but  there  can  be  no  doubt  that 
the  perimeter  will  in  the  future  be  of  considerable  help  in  the 
cliflerential  diagnosis  of  many  of  the  cases  of  amblyopia  without 
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ophthalmoscopic  signs,  the  pathology  of  which  is  at  present 
obscure. 

The  field  of  fixation  is  a  term  used  to  express  the  amount  of 
angular  deviation  from  a  line  at  right  angles  to  the  plane  of 
the  face  which  can  be  given  to  the  eye  by  its  muscles.  This 
can  also  be  measured  by  means  of  the  perimeter.  The  patient 
is  placed  in  the  same  position  as  for  testing  the  visual  field. 
Instead  of  employing  discs  as  test-objects,  we  substitute  a  letter 
of  the  alphabet,  which  is  of  such  a  size  that  its  form  can  only 
be  recognised  when  its  image  falls  on  the  yellow  spot.  The 
slide  of  the  perimeter,  with  the  letter  attached,  is  now  passed 
from  the  centre  towards  the  periphery  of  the  arc,  and  the 
patient  is  told  to  follow  it  with  his  eye,  and  to  give  a  sign  as 
S3on  as  he  can  no  longer  distinguish  its  form.  The  angle  at 
which  the  form  of  the  letter  is  lost  is  then  marked  upon  a  chart 
similar  to  those  used  for  the  visual  field.  The  process  is 
repeated  for  the  remainder  of  the  horizontal,  the  vertical,  and 
the  intermediate  meridians.  The  points  thus  obtained  are  then 
connected  by  a  continuous  line,  which  maps  out  the  limits  of 
the  field  of  fixation  for  that  eye. 

From  a  large  number  of  experiments  made  in  this  way  upon 
healthy  eyes,  Landolt  has  found  that  the  average  limitations  of 
the  normal  field  of  fixation  are  as  follow : 

Outwards    ....    45°  Inwards      .       .       .  .45° 

Outwards  and  downwards  .    47°  Inwards  and  upwards  .  45° 

Downwards         .       .       .50°  Upwards     .       .       .  .43° 

Downwards  and  inwards     .    38°  Upwards  and  outwards  .  47° 

It  is  evident  that  this  method  of  testing  the  movements  of  the 
eye  produced  by  the  action  of  the  ocular  muscles  would  be  of 
great  help  in  recording  any  deficiency  in  the  action  of  these 
muscles.  Thus,  supposing  the  external  rectus  to  be  paralysed, 
we  should  find  that  the  limits  of  the  field  of  fixation  would  not 
extend  to  45°,  but  would  be  nearer  to  zero  in  proportion  to  the 
completeness  of  the  paralysis.  Similarly  for  all  the  ocular 
muscles. 

In  the  chapter  on  Strabismus  it  will  be  found  that  the  use 
of  the  perimeter  in  tracing  the  field  of  fixation  is  not  only  useful 
in  this  way,  but  also  in  distinguishing  the  paralytic  from  other 
forms  of  squint. 


THE  FIELD  OF  FIXATION. 
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The  field  of  fixation  can  also  be  ascertained  objectively.  To 
effect  this  a  lighted  taper  is  passed  along  the  arc  of  the  peri- 
meter instead  of  the  letter  just  mentioned.  The  positions  of 
the  patient  and  the  observer  are  the  same  as  before.  The 
patient  is  then  told  to  direct  the  eye  as  far  as  possible  in  the 
direction  of  the  periphery  of  the  arc.     Having  done  this,  the 


o 


Fig.  80.— Arc  of  Perimeter. 


observer  passes  the  light  along  the  arc  until,  by  teeping  his 
own  eyejuat  behmd  it,  he  is  able  to  see  its  i^age^.  the  clt 
of  the  patient  s  cornea.     Since  the  reflected  pencil  of  rays  onlv 
«mc>des  wth  the  mcident  rays  when  it  bes  on  tbe  principal 

a  aough  this  does  not  exactly  coincide  with  the  visual  axi  ,  the 
difference  is  unimportant.     He  then  reads  upon  the  arc  aT 
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fig.  80)  the  position  {x)  of  tile  taper-,-  and  then  proceeds  to  re- 
gister the  other  meridians  in  a  similar  manner  (Javal).-  ■ 

The  angle  ^  gamma,'- ov  the  angle  formed -by  the  intersection 
of  the  line  of  fixation  and  the  optic  axis,  caii  also  be  determined 
by  the  perimeter.  The  patient  must  be  liiade  to  -fix  the  lighted 
taper  placed  at  zero;  the  observer  then  moves  his  eye  along 
the  arc  until  the  reflection  of  the  flame  is  seen  in  the  centre  of 
the  cornea ;  he  then  reads  the  angle  between  this  point  and  the 
flame.  (This  experiment  is  accurate  only  when  the  principal 
axis  of  the  cornea  coincides  with  that  of  the  whole  eye.)! 
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CHAPTER  IX. 

ON  IMAUROSTS,  AMBLYOPIA,  AND  SOME  FUNCTIONAL 
DISORDERS  OF  VISION. 

Amaurosis  signifies  loss  of  sight  without  perceptible  ocular 
lesions.  With  the  advance  of  knowledge  in  ophthalmology  that 
term  is  becoming  less  and  less  required,  and  is  gradually  falling 
into  disuse.    Several  grades  of  amaurosis  are  recognised. 

In  the  first  grade,  which  is  generally  called  Amblyopia,  there 
is  merely  diminution  of  visual  acuity ;  the  patient  is  not  able  to 
read  small  print  with  the  amblyopic  eye,  but  he  can  distinguish 
large  objects,  and  find  his  way  about. 

In  the  second  grade  there  is  only  quantitative  perception  of 
light.    The  patient  can  only  distinguish  light  from  darkness. 

In  the  third  grade,  usually  called  compZefe  or  absolute 
amaurosis,  both  qualitative  and  quantitative  perception  of  light 
have  disappeared. 

Tobacco  Amblyopia  (tobacco  amaurosis).— This  is  a  disease 
which  occurs  in  tobacco-smokers,  and  is  attended  with  defective 
central  vision  without  any  definite  change  in  the  fundus  oculi 
_  6Vmj;/oms.— Defective  sight  is  the  chief  complaint  There 
IS  progressive  failure  in  both  eyes,  which,  in  the  course  of  a  few 
weeks,  or  months,  may  have  become  so  marked  that  the  patient 
can  only  distinguish  or  ^,  or  No.  6  or  9  of  the  Snellen 
readmg-types.  The  sufi-erer  is  apt  to  mistake  gold  and  silver 
coins ;  every  object  he  looks  at  appears  misty  or  as  if  in  a  fo^ 
and  he  is  apt  to  attribute  it  at  first  to  a  bilious  attack ;  it  is  oni; 
after  some  weeks,  finding  his  sight  failing  instead  of  improving 

better  ''l""  ''''''      '''''  P-pS 

betteranddearer  as  theypass  him,than  if  helooks  straight  at  them. 

The  v^sucd  field  is  almost  characteristic.    In  every  case  of 

tobacco  amblyopia  there  is  to  be  found  a  central  relative  scotoma  ■ 
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beyond  this,  any  other  change  in  the  field  is  exceptional.  The 
central  defect  is  chiefly  one  of  colour ;  green  and  red  are  the  colours 
which  cannot  usually  be  recognised.  Green  is  always  lost  be- 
fore red.  The  scotoma  varies  in  size  and  kind  with  the  strength 
and  amount  of  the  poison  taken,  and  so  mainly  depends  upon 
the  length  of  time  that  has  elapsed  since  the  onset  of  the  visual 
failure.  In  slight  cases,  where  the  disease  has  not  been  in  pro- 
gress for  more  than  one  or  two  months,  a  central  scotoma  for 
green  only  may  be  found,  and  it  is  often  necessary  to  use  a  very 
small  colour-disc  (2*5  mm.  in  diameter)  before  it  can  be  made 
manifest.    In  exceptional  instances  the  green  colour  may  be 


o 
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Fig.  81.—  Visual  Field  in  Tobacco  Amblyopia  (left  eye). 

perceived  in  the  central  region,  though  less  distinctly  than  in 
the  visual  field  immediately  around  it.  In  a  more  advanced 
condition  a  definite  central  scotoma  for  green  and  red  is  readily 
found,  and  can  be  mapped  out  clearly  on  a  chart  as  in  fig.  81. 

In  severe  cases,  in  which  the  vision  has  been  impaired  for 
twelve  months  or  longer,  the  scotoma  will  be  larger,  and  may 
involve  blue  ;  yellow  is  very  rarely  lost,  though  it  is  a  frequent 
occurrence  to  find  both  yellow  and  white  less  distinct  in  the 
central  region  than  just  outside  it.  The  field  for  green  may  be 
completely  lost,  or  a  small  area  may  be  left  like  an  oasis  m  a 
desert  to  the  inner  or  outer  side.  Peripheral  contraction  for 
colours,  and  even  white,  may  be  seen,  and  is  suggestive  of  com- 
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mencing  optic  atrophy  (see  fig.  81)  ;  it  is  more  often  witnessed 
in  subjects  who  deeply  indulge  in  the  commonly  associated 
poison,  alcohol.  The  scotoma  is  never  absolute,  complete  central 
blindness  is  never  seen  in  this  affection.  Green  and  blue  appear 
white,  red  looks  a  '  drab  '  or  dirty  brown  colour,  white  is  less 
bright  by  direct  vision.  The  shape  of  the  scotoma  is  generally 
found  to  be  oval  with  its  long  axis  transverse  ;  it  encroaches 
more  on  the  temporal  than  the  nasal  half  of  the  field. 

The  subjects  of  this  affection  are  most  troubled  by  bright 
light  and  by  distant  objects  ;  they  can  generally  see  better  in 
twilight  than  in  open  day,  and  they  find  some  help  for  this 
defect  in  the  use  of  neutral-tinted  glasses,  by  which  the  brighter 
rays  are  cut  off.  The  peripheral  portions  of  the  field  being  good, 
they  experience  no  difficulty  in  seeing  surrounding  objects'; 
they  therefore  differ  somewhat  in  manner  from  patients  who  are 
suffering  from  diseases  in  which  contraction  of  the  visual  field 
forms  a  prominent  feature,  such  as  advanced  retinitis  pig- 
mentosa, optic  atrophy,  and  chipnic  glaucoma. 

The  oijMhcdmoscope  reveals  nothing  of  importance  in  the 
condition  of  the  fundus.  Occasionally  we  find  hypereemia  of 
the  optic  disc,  and  some  enlargement  of  the  retinal  veins.  In 
advanced  cases  there  is  sometimes  a  pale  (atrophic)  condition  of 
the  optic  disc. 

The  onset  of  the  disease  is  very  insidious;  in  some  cases 
haixUy  any  other  symptoms  beyond  the  visual  derangements  are 
to  be_  found,  m  others  there  may  be  frontal  headache,  nervous- 
ness, msomnia,  and  loss  of  appetite. 

Causes -ThiB  form  of  amblyopia  is  now  generally  admitted 
to  be  produced  chiefly,  if  not  entirely,  by  tobacco  intoxication. 
Ihe  subjects  of  it  are  generally  males,  at  or  beyond  middle  life 
who  have  long  been  in  the  habit  of  smoking  large  quantities  of 
s  rong  tobacco.    Unfortunately  many  excessive  smokers  are 
also  accustomed  to  free  indulgence  in  alcoholic  liquors,  so  that 
It  IS  difficult  to  make  out  how  far  the  defective  vision  maybe 
due  to  the  direct  influence  of  alcohol.    Mackenzie  and  Sichel 
long  ago  pointed  out  the  deleterious  effect  upon  vision  of  the 
excessive  use  of  tobacco;  the  latter  believed  that  any  person 
smoking  more  than  half  an  ounce  of  tobacco  daily  wouL  ex- 
perience considerable  defect  both  of  sight  and  of  memory  He 
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mentions  a  case  ^  of  a  man  wlio,  not  content  with  smoking 
throughout  the  entire  day,  assumed  the  pipe  at  intervals  during 
the  night  to  soothe  his  wakeful  hours.  He  became  completely 
blind,  but  recovered  his  sight  after  total  abstinence  from  smok- 
ing, combined  with  antiphlogistic  treatment.  In  speaking  of 
this  affection  Nettleship  ^  says,  '  My  own  opinion,  based  on  the 
examination  of  a  large  number  of  cases,  is  that  tobacco  is  the 
essential  agent,  and  that  the  disuse  or  diminished  use  of  tobacco 
is  the  one  essential  measure  of  treatment.'  It  is  but  fair  to  add, 
however,  that  competent  observers  are  far  from  unanimous  on 
this  subject. 

People  suffering  from  diabetes,  or  from  some  mental  distress 
caused  by  family  or  business  troubles  and  the  like,  are  more 
prone  to  fall  victims  to  tliis  malady  than  those  in  sound  health 
and  free  from  anxieties.  Workers  in  india-rubber  manufactories 
and  excessive  tea-drinkers  are  also  said  to  be  predisposed  to 
this  affection. 

The  treatment  consists  in  the  removal  of  the  cause  and  the 
improvement  of  the  general  condition  of  the  patient.  Total  and 
unconditional  abstinence  from  all  forms  of  tobacco  and  alcoholic 
liquors  should  be  insisted  on.  The  patient  will  be  greatly 
chagrined  at  the  sudden  cessation  of  these,  to  him,  poisonous 
habits  ;  he  will  beg  hai-d  to  be  allowed  just  one  cigar  and  one  glass 
of  wine  per  diem  ;  but  he  must  not  be  humoured.  Total  absti- 
nence is  by  far  the  most  certain  and  speedy  mode  of  cux-e ;  it  should 
of  course  be  combined  with  a  tonic  regimen.  Nutritious  food, 
plenty  of  exercise  in  the  open  air,  sedatives  at  night  if  necessary 
to  produce  sleep,  strychnine  and  iron  internally,  and  similar 
remedies,  are  essentially  helpful,  and  will  generally  restore  the 
'visual  acuity,  disperse  the  central  scotoma  for  colours,  and 
greatly  improve  the  patient's  general  physique  in  the  course  of 
six  to  twelve  weeks. 

Prognosis. — As  a  rule,  the  results  of  treatment  are  more  pro- 
nounced in  proportion  to  the  rapidity  of  failure,  and  to  the 
shortness  of  the  duration  of  the  disease.  In  the  majority  of 
instances,  if  the  treatment  is  properly  cai-ried  out,  a  very  favour- 
able result  may  be  anticipated,  for  vision  is  often  completely 

'  Annates  d'  OcuUstique,  vol.  liii.  p.  122. 
2  Diseases  of  the  Eye  (1882),  p.  217. 
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restored.  If  there  is  no  peripheral  contraction  of  the  colour- 
fields,  and  if  the  condition  has  not  lasted  longer  than  three 
months,  complete  restoration  of  vision  is  almost  certain.  In  old- 
standing  chronic  cases,  and  especially  where  there  is  some 
pallor  of  the  optic  disc,  the  improvement  is  less  marked,  and 
perfect  vision  (V=|)  may  not  be  re-established.  Eelapses  are 
rarely  met  with  even  if  the  habit  becomes  as  bad  as  ever. 

Amaurosis  is  occasionally  seen  in  young  infants.  The  aim- 
less movements  of  the  eyes  (nystagmus)  generally  first  attract 
the  mother's  attention,  and  it  is  then  observed  that  the  child 
takes  no  notice  of  a  light.  In  such  cases  the  fundus  is  some- 
times normal,  not  unfrequently  the  discs  have  a  greyish  appear- 
ance, and  their  edges  are  a  little  blurred ;  later  on  they  usually 
become  atrophic.  In  these  cases  there  is  sometimes  a  history 
of  convulsions,  and  often  there  is  evidence  of  inherited  syphilis. 
The  prognosis  is  absolutely  unfavoui-able. 

Amblyopia,  from  suppression  of  the  image  in  one  eye,  is  often 
found  in  cases  of  strabismus.    See  Strabismus. 

Hemianopia  or  Hemianopsia '  is  characterised  by  the  loss  of 
one  half  of  the  visual  field.  It  usually  occurs  in  both  eyes,  and 
is  then  indicative  of  some  lesion  at  or  beyond  the  optic  commis- 
sure. When  only  one  eye  is  affected,  the  line  of  separation 
between  the  part  of  the  visual  field  which  is  lost  and  that  which 
is  retained  is  generally  irregular ;  the  affection  is  then  the  result 
of  some  lesion  of  the  optic  nerve  in  front  of  the  commissure  or 
of  the  retina  itself. 

The  majority  of  cases  of  hemianopsia  affecting  both  eyes  are 
either  right  or  left  lateral— that  is,  there  is  homonymous  loss  of 
the  right  or  of  the  left  half  of  the  visual  field  in  each  eye— 
homonymous  hemianopsia.    The  right  half  of  each  visual  field  of 
course  corresponds  to  the  left  half  of  each  retina,  and  vice  versd. 
As  a  rule,  the  point  of  fixation  lies  in  the  part  which  retains  its 
functions  in  both  eyes,  but  occasionally  the  line  of  demarcation 
seems  accurately  to  bisect  it. 

'  The  term  7iemio2?ia  is  used  to  denote  the  bliod  lialf  of  the  retina,  whereas 
Acmmnoj?ia  or  he7nianoj}sia  expresses  the  defective  visual  field  ;  aclmowledein? 
such,  a  lesion  causing  Hght  hemiopia  is  one  which  produces  left  hemianopsia 
It  would  cause  less  confusion  to  discard  the  word  'hemiopia '  altogether. 

T  2 
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Varieties  of  Hemianoima. 

C  Complete. 

1.  Homonymous  hemianopsia-!  Partial. 

(.  Relative. 

2.  Temporal  hemianopsia 

3.  Nasal  hemianopsia         (Lesion  almost  invariably 

4.  Altitudinal  hemianopsia  J  chiasma. 

In  temporal  hemianopsia  the  lesion  involves  the  chiasma 
at,  the  point  of  crossing  of  the  inner  half  of  each  tract.  Both 
nasal  retinae  become  functionless,  and  each  of  the  temporal 
visual  fields  lost. 

In  nasal  hemianopsia  the  lesion  involves  the  fibres  at  the 
commissure  which  do  not  cross,  so  the  temporal  retina  in  one 
eye  only  is  affected,  and  the  nasal  half  of  its  field  lost. 

Altitudinal  hemianopsia  is  loss  of  one  or  both  upper  or  lower 
visual  fields,  and  is  likewise  due  to  a  lesion  of  the  lower  or  upper 
portion  of  the  chiasma. 

These  three  varieties  are  rarely  seen,  and  require  no  further 
comment. 

The  sym]:)toms  of  homonymotis  hemianoima. — The  patient 
usually  complains  of  sudden  diminution  or  disturbance  of  vit-ion. 
He  only  sees  half  of  an  object  placed  immediately  in  front  of  him. 

In  right  homonymous  hemianopsia  there  is  marked  incon- 
venience in  reading.  This  is  because,  in  order  to  I'ead  with 
fluency,  it  is  necessary  that  words  should  be  seen  which  are  a 
little  in  advance  of  those  wliich  are  being  pronounced  ;  when  the 
right  half  of  each  visual  field  is  lost,  the  words  cannot  be  seen 
until  their  image  falls  on  the  yellow  spot  of  the  corresponding 
half  of  each  visual  field.  The  line  of  deraai'cation  between  the 
sensitive  and  the  inactive  portions  of  the  retina  is  usually  vertical, 
either  at,  or  just  internal  to,  the  yellow  spot.  The  transition 
from  the  one  part  to  the  other  may  be  quite  abrupt,  or  it  may  be 
gradual . 

Fig.  82  represents  a  chart  of  the  visual  field  for  white,  blue, 
red.  and  green,  which  was  taken  from  the  left  eye  of  a  patient 
suffering  from  left  homonymous  hemianopsia.  By  comparing 
this  with  the  normal  visual  field  represented  in  fig.  77,  it  will 
be  observed  that  the  whole  of  the  outer  part  of  the  field  is  lost. 
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The  exact  situation  of  the  intracranial  lesion  giving  rise  to 
hemianopsia  is  still  somewhat  uncertain.  It  may  be  situated 
anywhere  in  the  visual  trad  (p.  211)  beyond  the  cliiasma.  The 
lesion  may  be  in  the  optic  tract,  at  the  optic  centre,  in  the  in- 
ternal capsule,  in  the  optical  radiations,  or  in  the  cortex.  If  it 
be  a  cortical  lesion  or  one  occurring  in  the  optic  radiations,  it 
may  not  be  complete ;  that  is  to  say,  it  may  cause  only  jiartial 
homonymous  hemianopsia ;  or,  again,  it  may  only  involve  the 
colour,  or  the  colour  and  form  centre  (relative),  without  causing 
complete  loss  of  sight ;  in  the  former  case,  colour  will  be  lost, 
form  retained ;  in  the  latter,  a  distinction  between  light  and 
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Fig.  82. — Visual  Field  in  Temporal  Hemianopsia  (left  eye). 

dark  only  will  be  made.  It  is  exceptional  to  get  hemiplegia  with 
these  cortical  lesions.  A  lesion  in  the  capsule,  at  the  optic 
centre  or  in  the  tract  would  be  attended  with  coonplete  homony- 
mous hemianopsia.  A  lesion  involving  the  basal  centre  or  the 
tract  would  give  rise  to  the  hemiopic  pupil  (see  chapter  on  Para- 
lyses), a  point  of  distinction  from  capsular  lesions ;  lesions  in  the 
capsule  are  frequently  attended  with  hemiplegia. 

Though  the  above  course  is  mapped  out  for  the  visual  path 
in  which  only  a  partial  decussation  is  accepted  as  taking  place 
between  the  optic  nerve  and  its  cortical  centre,  it  does  not  explain 
the  cause  of  crossed  amblyopia  ;  we  have,  however,  sufficient 
pathological  as  well  as  experimental  evidence  to  justify  the 
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assumption.  Just  as  no  centre  in  the  cortex  can  be  found  con- 
trolling the  action  of  the  ocular  muscles  on  the  other  side  of  the 
body,  but  only  for  their  conjugate  movements,  so  no  cortical 
centre  can  be  discovered  having  complete  command  over  the  vision 
of  the  opposite  eye.  Thus,  there  is  an  homonymous  association 
in  both  the  motor  and  sensory  functions  of  the  eye. 

A  lesion  of  the  cortex  attended  with  defective  visual  acuity 
as  well  as  concentric  contraction  of  the  visual  field  of  the  opposite 
eye  (crossed  amhlyojna)  has  been  occasionally  observed,  and  this, 
according  to  Gowers,  is  brought  about  by  a  lesion  involving  the 
angular  gyrus. 

Dr.  Hun's  case  of  partial  homonymous  hemianopsia,  quoted 
by  Mr.  Swanzy,'  is  exceedingly  valuable  in  that  it  gives  an  exact 
and  limited  area  of  the  cortex  for  one  quadrant  of  the  visual 
field.  The  lesion,  an  old  hsemorrhage,  was  found  at  the  autopsy 
involving  the  lower  half  of  the  right  cuneus  ;  there  was  loss  of  the 
left  lower  quadrant  of  each  field — i.e.  the  upper  right  quadrant 
of  each  retina  was  rendered  functionless  by  that  lesion. 

In  hysterical  hemianaesthesia  and  in  cerebral  hemiansesthesia 
the  unilateral  defect  is  not  confined  to  common  sensibility ;  it 
involves  also  the  special  senses  on  the  same  side  of  the  body  as 
the  cutaneous  anfesthesia ;  these  are  the  nerves  of  taste,  hearing, 
smell,  and  sight.  Attention  has  been  particularly  called  to  the 
condition  of  vision  by  the  observations  of  M.  Landolt  in  certain 
cases  of  Professor  Charcot's  at  the  SalpetriSre.    He  found — 

(1)  Normal  ophthalmoscopic  appearance  of  the  fundus. 

(2)  Reduction  of  visual  acuity  to  one  half  or  more  in  the 
eye  on  the  same  side  as  the  hemianesthesia  (crossed  amblyopia). 

(3)  Concentric  and  general  contraction  of  the  visual  field  for 
white  and  for  colours. 

Night-blindness  ^  has  already  been  referred  to  as  a  symptom 
of  pigmentary  degeneration  of  the  retina,  and  other  lesions  of 
the  fundus.   Under  certain  circumstances,  however,  this  affection 

»  Tra7is.  Oj^hth.  Soe.  vol.  xi.  p.  183. 

2  Formerly  the  term  liemeralupia  was  used  to  indicate  this  symptom,  and 
nyctalopia  the  opposite  condition  of  '  night-sight,'  or  day-blindness.  An 
article,  however,  by  Dr.  GreenhiU  {Oplith.  Hasp.  EepoHs,  X.  ii.  p.  284)  shows 
that  the  true  meaning  of  the  words,  according  to  their  derivation  and  classical 
use,  is  the  exact  reverse  of  this.  Under  these  circumstances  it  would  create 
confusion  to  retain  either  term. 
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is  found  to  exist  as  o.  functional  disorder.  The  characteristic 
symptom  of  functional  night-blindness  is  that  visual  acuity,  which 
is  perfectly  good  in  a  bright  solar  or  artificial  light,  becomes 
suddenly  reduced  when  the  sun  gets  below  the  horizon,  or  when 
the  artificial  light  is  reduced.  The  patient  can  see  perfectly  well 
during  the  day,  but  immediately  after  sunset,  or  when  placed  in 
a  moderately  dark  room,  the  sight  is  so  impaired  that  he  has  to 
grope  about,  and  in  some  cases  cannot  find  his  way  without  the 
help  of  a  guide ;  the  visual  field  is  not  contracted ;  the  fundus 
is  normal  in  appearance  ;  the  pupil  is  sometimes  half  dilated  ; 
and  there  is  generally  some  reduction  in  the  range  of  accommo- 
dation. 

The  most  common  cause  of  night-blindness  is  the  prolonged 
exposure  of  the  retina  to  the  action  of  strong  brilliant  light.  It 
is  common  among  sailors  who  have  made  long  voyages  under  a 
tropical  sun,  and  soldiers  after  prolonged  marches ;  painters 
and  masons  who  have  been  employed  on  white  buildings  are  also 
sometimes  affected.  This  trouble  is  more  prone  to  occur  in 
persons  whose  vitality  is  lowered  from  insufficient  or  improper 
food,  excessive  work,  and  other  causes.  It  is  often  associated 
with  scurvy.  A  paper  by  Dr.  Forster  ('  Eec.  d'Ophth.'  Oct.  1882, 
p.  577)  would  seem  to  prove  that  the  afliection  often  makes  its 
appearance  in  hot  climates  without  exposure  to  bright  light, 
especially  in  districts  where  ague  is  common. 

Prognosis  and  treatment. — Night-blindness  always  improves 
under  favourable  conditions,  although  it  sometimes  evinces  a 
tendency  to  recurrence.  The  first  indication  is  to  protect  the 
eyes  from  all  bright  light.  This  may  be  done  by  keeping  the 
patient  in  a  feebly  illuminated  room,  or  by  the  use  of  very  dark 
smoked  glasses.  The  use  of  eserine  drops  (F.  26)  is  also  advisable. 
A  nourishing  diet,  and  the  use  of  iron,  quinine,  and  other  tonics, 
are  valuable  adjuncts.  Cod-liver  oil  is  also  strongly  recom- 
mended in  this  affection. 

Snow-blindness,  which  is  sometimes  experienced  by  persons 
who  have  travelled  over  extensive  tracts  of  snow,  presents  the 
same  functional  derangements  as  the  night-blindness  just  men- 
tioned, but  there  is  usually  congestion  of  the  conjunctiva,  with 
pain  and  photophobia.  The  pain  in  the  eyes  is  often  intense,  the 
tears  will  stream  out,  and  it  is  almost  impossible  to  keep  the  eyes 
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open.  Instant  relief  is  felt  upon  coming  across  a  tract  of  bare 
ground  devoid  of  snow.  The  synlptom^i  may  last  a  few  days  after 
the  removal  of  the  cause.  It  is  prevented  by  the  use  of  deeply 
tinted  glasses,  so  arranged  that  the  intense  glare  of  the  snow 
cannot  reach  the  eyes. 

Micropsia  signifies  a  condition  of  sight  in  which  objects  look 
too  small.  Its  occurrence  is  indicative  of  the  rods  and  cones 
being  pressed  asunder,  so  that  images  formed  on  the  retina 
coincide  with  fewer  retinal  elements.  It  is  sometimes  found  in 
syphilitic  retinitis.  '  Megalopsia'  the  apparent  enlargement  of 
objects,  and  micropsia  are  sometimes  found  in  hysterical  ambly- 
opia. '  Metamotjjjhopda'  means  the  apparent  distortion  of 
objects. 

Malingering. — Simulated  amblyopia,  or  simulated  complete 
amaurosis  of  one  or  both  eyes,  is  occasionally  met  with,  but  is  less 
common  in  Great  Britain  than  in  countries  where  conscription 
is  in  force.  It  is  found  chiefly  amongst  those  who  wish  to  escape 
service ;  after  injury,  also,  it  is  sometimes  feigned  with  the  hope 
of  receiving  compensation  for  damages.  Amongst  children, 
the  desire  to  avoid  school  and  lessons  is  sometimes  the  chief 
motive.  It  also  occurs  among  nervous  and  hysterical  young 
women. 

One  eye,  usually  the  right,  is  generally  complained  of  as 
being  defective,  the  other  eye  being  declared  normal.  Under 
such  circumstances  the  distant  vision  of  each  eye  should  be  care- 
fully tested,  and  the  first  statement  as  to  the  vision  of  the 
supposed  amblyopic  eye  carefully  noted.  .  The  deception  may 
then  be  discovered  in  various  ways. 

1.  Graefe's  method. — Place  a  prism  of  10°,  base  inwards, 
before  the  sound  65^0.  If  the  patient  be  really  using  both  eyes 
this  will  produce  diplopia,  and  he  will  be  observed  to  squint  in 
order  to  correct  this. 

2.  By  means  of  Snellen's  coloured  test-types  suspended  in 
front  of  a  window.  The  alternate  letters  are  red  and  bluish- 
green — the  exact  complement  of  the  red.  The  patient  is  told  to 
read  these  with  the  good  eye.  Thus,  suppose  he  reads  the  word 
FRIEND,  of  which  FIN  are  green  and  RED  are  red  ;  then,  by 
placing  a  bluish-green  plane  glass  in  front  of  the  good  eye  he  will 
only  see  the  letters  FIN  if  the  other  eye  be  amblyopic — for  the 
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red  letters  cut  off  all  rays  of  light  except  tlie  red,  while  these  are 
cut  off  by  the  green  glass  which  transmits  none  but  green  rays, 
therefore  no  light  can  pass  through  both  glasses.  If  the  patient 
is  malingering  he  will  still  see  the  whole  word  FRIEND  with  the 
observed  eye. 

3.  Two  very  weak  lenses  may  be  alternately  and  repeatedly 
placed  in  front  of  the  affected  eye ;  if  the  patient  believes  that  a 
succession  of  lenses  is  being  tried,  he  will  sometimes  admit  a 
gradual  improvement,  often  up  to  normal  vision. 

4.  By  paralysing  the  accommodation  of  the  good  eye,  or  by 
placing  a  strong  concave  lens  (  —  20  D)  in  front  of  this,  and  then 
directing  the  patient  to  read,  we  know  that  he  can  only  do  so 
with  the  affected  eye. 

5.  Place  a  j)rism  of  6°  base  upwards  in  fi^ont  of  the  good  eye 
so  that  the  base  corresponds  to  the  middle  of  the  pupil ;  this  allows 
rays  to  pass  into  the  eye  above  as  well  as  through  the  prism,  and 
monocular  diplo'pia  is  produced.  Now  uncover  the  doubtful  blind 
eye  and  simultaneously  move  the  prism  slightly  upwards,  so  that 
rays  can  now  enter  the  eye  only  through  the  prism  ;  if  diploj)ia 
still  exists,  it  is  binocular,  and  proves  that  vision  is  present  in 
both  eyes.  If  the  supposed  blind  eye  be  once  more  covered,  only 
one  object  will  be  seen. 

6.  The  stereoscope  and  other  methods  are  also  useful  in  the 
discovery  of  this  kind  of  deception. 

When  amblyopia  in  both  eyes  is  complained  of,  the  mode  of 
detection  is  more  complicated,  and  requires  greater  tact  on  the 
part  of  the  surgeon. 

The  refraction  of  each  eye  and  the  ophthalmoscopic  appear- 
ance of  the  fundus  being  ascertained,  the  visual  acuity  of  each  eye 
should  then  be  carefully  recorded  ;  then  by  placing  feeble  convex 
or  concave  glasses  in  front  of  either  eye,  the  patient  will  often 
betray  himself  by  inconsistent  replies.  The  visual  field  for  white 
and  for  colours  (p.  260)  should  then  be  tested.  The  nature  of  the 
answers  to  questions  will  here  be  also  useful. 

When  complete  amaurosis  of  one  eye  is  asserted,  it  must  be 
remembered  that  in  such  an  eye  the  pupil  would  be  dilated  if 
the  amaurosis  had  existed  for  a  longtime,  and  would  not  contract 
by  the  projection  of  a  cone  of  light  upon  the  cornea,  supposing 
the  opposite  eye  to  be  completely  shaded  from  the  light.  Iii 
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order  to  clistinguisli  between  dilatation  of  the  pupil  from  blind- 
ness and  that  from  atropine,  we  hiust  bear  in  mind  that  the 
dilatation  from  atropine  is  usually  greater  than  from  amaurosis  ; 
again,  while  in  amaurosis  a  cone  of  light  thrown  upon  the  retina 
of  the  good  eye  would  produce  contraction  of  the  sphincter 
pupillte  of  the  other,  this  would  not  be  the  case  with  dilatation 
from  atropine. 
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CHAPTER  X. 

ON  COLOUR-VISION  AND  ITS  DEFECTS. 
By  W.  Adams  Frost,  F.R.C.S. 

Normal  colour- vision. — Light  is  transmitted  by  means  of  trans- 
verse waves  of  ether ;  the  waves,  however,  in  white  or  colourless 
light  are  not  of  one  uniform  type,  but  vary  in  length  and  rapidity 
of  vibration.  The  waves  of  greatest  length  and  slowest  vibration 
are  less  easily  refracted  than  the  smaller  waves  with  more  rapid 
vibration ;  hence,  when  a  beam  of  solar  light  passes  through  a 
prism,  it  undergoes  disitersion,  or  a  separation  into  waves  of  dif- 
ferent rates  of  vibration.  Such  of  these  waves  as  are  capable  ot 
exciting  the  retina  give  rise  to  the  sensation  of  colour,  and  the 
series  of  colours  caused  by  the  decomposition  of  light  is  called  a 
spectrum .  The  largest  waves  which  are  capable  of  exciting  the 
retina  give  rise  to  the  sensation  of  red,  the  smallest  to  that  of 
violet ;  between  these  extremes  are  waves  of  gradually  decreasing 
size  and  increasing  rates  of  vibration  from  the  red  to  the  violet, 
and  these  give  rise  to  various  colours. 

The  colours  of  the  spectrum,  and  their  order,  are  as  follows  : 

{Heat  rays),  Eed,  Orange,  Yellow,  Green,  Prussian  Blue, 
Indigo,  Violet  {chemical  rays). 

These  are  the  only  ether  waves  capable  of  exciting  the  retina  ; 
but  at  each  end  of  the  visible  spectrum  there  are  invisible  waves. 
Those  beyond  the  red  are  of  still  greater  length,  and  are  called 
heat  rays  ;  and  beyond  the  violet  are  smaller  waves,  which  are 
called  chemical  rays.  The  difference,  however,  is  of  degree,  and 
not  of  kind,  for  all  the  rays  possess  heat  and  chemical  action, 
and  the  visible  portion  of  the  spectrum  owes  its  visibility,  not  to 
any  difference  in  its  physical  character,  but  to  the  Construction 
of  our  visual  apparatus. 
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Light  is  reflected  from  objects  in  various  ways.  A  surface 
reflecting  light  perfectly— a  perfect  mirror-  would  be  colourless 
and  invisible.  A  surface  which  reflects  all  the  waves  in  the 
same  proportion  as  they  exist  in  white  light,  but  reflects  the 
waves  irregularly,  appears  white.  A  surface  reflecting  no  light, 
but  quenching  or  absorbing  all,  would  be  invisible  ;  if  itreflected 
only  sufiicient  light  to  render  it  visible,  it  would  appear  hlacl; 
so  that  a  black  surface  is  visible  only  in  consequence  of  the 
imperfection  of  its  blackness.  A  coloured  surface  quenches 
some  waves  of  colourless  light,  and  reflects  others ;  it  is  from 
the  latter  that  we  judge  of  the  colour  of  the  surface.  Objects 
differ  also  in  the  manner  in  which  they  transmit  light.  Some 
are  said  to  be  opaque  since  no  light  rays  pass  through  them, 
others  are  so  perfectly  transparent  that  they  appear  to  transmit 
all  light  rays.  Both  terms  are,  of  course,  relative,  since  a  layer 
of  infinitesimal  thickness  of  an  opaque  substance  will  transmit 
rays,  and  a  great  thickness  of  a  transparent  substance  will  obstruct 
them.  Other  substances  transmit  rays  of  a  certain  wave-length 
only ;  we  have  familiar  examples  in  the  red  and  blue  glasses  in 
railway  signals. 

The  following  are  some  of  the  principal  terms  which  are 
applied  to  colours.  Differences  in  hue  or  tone  are  those  which 
exist  between  the  various  colours  of  the  spectrum,  as  red,  yellow, 
blue,  &c.  Luminosity  or  brightness  indicates  the  total  amount 
of  light  reflected  by  a  coloured  surface.  Yellow  is  the  most 
luminous  part  of  the  spectrum.  A  dark  or  dull  colour,  on  the 
contrary,  is  one  from  which  the  total  amount  of  light  is  small. 
All  colours  contain  a  certain  amount  of  white  light ;  even  a 
spectrum,  if  thrown  upon  a  white  surface,  receives  some  admix- 
ture of  white  light  from  it.  Several  terras  are  used  to  indicate 
the  extent  of  this  dilution.  Thus  the  terms  saturated,  deep, 
joure,  indicate  that  there  is  but  little  admixture  of  white,  while 
the  terms  pale,  dilated,  light  indicate  on  the  contrary  a  low 
degree  of  saturation,  or  much  dilution  with  white. 

Additional  proof  that  white  light  is  composite  is  afforded  by 
the  fact  that  the  colours  of  the  spectrum  can  be  re-combined,  so 
as  to  form  white,  by  means  of  a  prism  placed  in  the  reverse 
position  to  that  of  the  dispersion  prism  ;  and  that  if  the  colours 
be  painted  on  a  disc  (Maxwell's  disc)  in  the  same  proportions 
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as  they  exist  in  the  spectrum,  and  the  disc  be  rotated  rapidly,  a 
grey  is  produced,  which  approaches  white  in  proportion  to  the 
pm'ity  of  the  pigments  used  and  the  accuracy  with  which  the 
relative  quantity  of  each  colour  has  been  measured. 
^  In  order  to  produce  white,  however,  it  is  not  necessary  to 
employ  all  the  colours  of  the  spectrum  ;  a  mixture  of  red,  green, 
and  violet  will  suffice  for  this  purpose ;  and  because  these  colours 
cannot  be  produced  by  a  mixture  of  others,  they  are  called 
fundamental  or  p-imary.  Any  other  colour  of  the  spectrum  (or 
a  colour  indistinguishable  from  it  by  the  eye)  can  be  produced 
by  a  combination  of  the  primary  colours  on  either  side  of  it.  In 
speaking  thus  of  the  mixture  of  colours  it  must  be  understood 
that  coloured  light  is  meant ;  the  effect  of  mixing  pigments  is 
different,  because  the  pigments  are  impure.  Thus  a  mixture  of 
blue  and  yellow  light  produces  white,  but  if  blue  and  yellow 
pigments  be  mixed,  green  is  produced  ;  this  is  because  each  of 
the  pigments  reflects  some  green  light  in  addition  to  its  own 
colour,  so  that  by  their  union  a  green,  more  or  less  mixed  with 
white,  is  produced. 

Since  white  can  be  made  by  mixing  the  three  primary 
colours,  it  follows  that  to  each  one  of  these  there  corresponds  a 
complementary  colour  {i.e.  a  colour  whose  addition  is  required  to 
make  white),  which  is  formed  by  a  combination  of  the  other  two. 
Thus  the  complement  of  red  is  green  +  violet  =  bhdsh-green. 

>>  gfeen  is  red. +  Yid\.Qt=  pur  pie. 

'»  violet  is  red  +  green  =  yellowish- green. 

In  the  same  way,  to  each  colour  in  the  spectrum  there  is 
another  which,  added  to  it,  produces  white,  and  which  is  there- 
fore said  to  be  complementary  to  it.  The  relative  positions  of 
a  colour  and  its  complement  are  the  same  throughout  the 
spectrum.  Thus,  if  a  colour  be  taken  which  lies  to  the  right  of 
red,  e.g.  orange,  its  complement  will  lie  to  the  right  of  bluish- 
green,  viz.  blue,  and  so  throughout  the  spectrum. 

But  here  we  must  guard  against  an  error.  The  centre  of 
each  band  of  colour  in  the  spectrum  has  a  definite  wave-leno-th 
and  rapidity  of  vibration  peculiar  to  itself;  and  on  either  side  the 
waves  gradually  approximate  in  character  to  that  of  the  adjacent 
colour.  By  the  mixture  of  two  of  the  so-called  fundamental  colours, 
a  visual  sensation  is  produced  which  is  indistinguishable  from 


286  ON  COLO  Uli.  VISION  AND  ITS  DEFECTS. 


that  produced  by  the  spectral  colour  that  lies  between  them  ; 
this  resemblance  is  probably  only  due  to  the  imperfection  of  our 
colour-sense.  Viewed  in  this  light,  the  separation  of  the  colours 
of  the  spectrum  into  fundamental  and  non-fundamental  has  a 
great  value  in  relation  to  our  perception  of  colours,  but  none  in 
relation  to  their  physical  properties  ;  in  other  words,  its  value  is 
physiological  rather  than  physical. 

Purple  seems  to  occupy  an  anomalous  position  in  the  scale 
of  colours,  for  it  is  formed  by  the  union  of  red  and  violet ;  yet 
these  do  not  lie  on  either  side  of  it,  but  at  opposite  ends  of  the 
spectrum.  We  have  seen  that  beyond  either  end  of  the  visible 
spectrum  there  are  waves  the  rates  of  whose  vibrations  form  a 
continuous  series  with  those  of  the  visible  spectrum  ;  so  that 
from  the  large,  slowly  vibrating,  ultra-red  waves  the  rate  of 
vibration  gradually  increases  through  all  the  spectral  colours  to 
the  invisible  ultra-violet  rays  ;  how  far  they  extend  in  either 
direction  we  have  no  means  of  knowing,  but  there  is  no  ground 
for  supposing  that  they  stop  short  at  the  point  where  we  cease 
to  be  able  to  follow  them.  If  we  assume  that  beyond  the  violet 
these  waves  extend  ad  infinitum,  their  rate  of  vibration  increas- 
ing at  the  same  rate  as  in  the  visible  spectrum,  it  is  evident 
that  at  some  distance  beyond  the  violet  they  would  form  a  series 
of  waves  which  would  stand  in  the  same  relation  to  the  colours 
of  the  visible  spectrum  as  a  series  of  musical  notes  to  their 
octaves.  On  this  hypothesis,  purple  would  take  its  proper  place 
between  the  violet  of  the  visible  spectrum  and  the  octave  of  the 
visible  red,  and  the  light  of  the  sun  would  consist  of  an  infinite 
series  of  waves,  of  which  only  a  single  octave  would  be  capable 
of  exciting  any  visual  sensation. 

The  relation  of  the  colour-sensations  to  each  other  and  to 
white  may  be  conveniently  represented  by  a  circle  formed  by  all 
the  colours  of  the  spectrum,  the  red  and  violet  being  united  by 
various  shades  of  purple,  and  white  being  placed  in  the  middle. 
Each  colour  and  its  complement  would  then  lie  at  opposite 
extremities  of  the  same  diameter,  while  white,  which  is  formed 
by  their  union,  would  lie  between  them.  Such  a  diagram,  how- 
ever, would  give  no  indication  of  the  proportion  of  each  colour 
necessary ;  this  can  be  done  by  altering  the  circle  to  a  triangle, 
and  placing  the  fundamental  colours  at  the  angles;  a  colour 
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formed  by  the  combination  of  any  two  will  then  be  found  on  the 
line  between  them  (fig.  83).  We  shall  presently  see  that  the' 
purest  primary  colours  do  not  give  rise  to  the  purest  possible 
sensation  of  those  colours,  so  that  the  sensations  which  we  call 
red,  green,  and  violet  are  indicated  by  a  position  a  little  re- 
moved from  the  angles.  The  position  of  the  various  colours, 
and  of  white,  is  so  chosen  that  the  latter  always  lies  on  the 
line  connecting  the  complementary  colours,  and  proportionately 
nearer  to  that  one  of  which  it  contains  most ;  and  in  the  same 
way,  any  compound  colour  lies  on  the  line  between  its  com- 


FiG.  83.— Pielation  of  Complementary  Colours    (From  Hermann  ;  modified.) 

ponents,  and  proportionately  nearer  to  the  one  of  which  it  con- 
tains most. 

There  is  reason  to  believe  that  our  sense  of  colour  is  very 
defective.  In  the  first  place,  we  know  that  there  are  waves  on 
each  side  of  the  visible  spectrum,  which,  although  they  possess 
no  other  difference,  as  far  as  we  can  ascertain,  from  those  of  the 
visible  spectrum,  yet  excite  no  visual  sensation.  In  the  second 
place,  the  same  visual  impression  is  caused  by  colours  that  have 
no  other  claim  to  be  considered  as  identical.  Thus,  a  mixture 
of  red  and  bluish-green,  and  one  of  yellowish-gi-een  and  violet 
alike  produce  the  sensation  of  white  ;  yet  a  surface  illuminated 
by  the  first  would  in  a  photograph  come  out  black,  while  the 
second  under  the  same  conditions  would  appear  very  bright 
by  means  of  a  prism,  too,  the  mixtures  could  be  resolved 
mto  then-  component  colours.     Helmholtz  has  compared  our 
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colour  and  musical  senses,  and  shown  how  much  more  highly 
■developed  the  latter  is;  for  a  good  musical  ear  can  not  only 
assign  to  eVery  note  heard  singly  its  true  value,  but  can  resolve 
a  chord  into  the  notes  of  which  it  is  compounded,  and  even  in 
the  combined  effect  of  an  orchestra  can  recognise  each  com- 
ponent sound. 

We  shall  presently  see  that  the  visual  sensations  produced 
by  the  fundamental  spectral  colours,  although  the  purest  ever 
experienced,  are  under  the  ordinary  conditions  of  vision  less 
pure  than  certain  subjective  sensations  of  these  same  colours. 

"We  must  first  glance  at  the  physiological  relation  that 
exists  between"  complementary  colour-sensations.  If  any  bright 
colour  be  looked  at  steadily  for  about  half  a  minute,  and  the 
eye  be  then  directed  to  some  white  or  grey  surface,  an  after- 
image is  seen,  whose  colour  is  complementary  to  that  of  the 
surface  originally  looked  at.  If  the  complement  to  one  of  the 
spectral  colours  is  looked  at  in  this  manner,  the  hue  in  the 
after-image  is  brighter  than  the  corresponding  hue  in  the 
spectrum,  and  gives  rise  to  a  purer  sensation  of  that  colour 
than  can  be  obtained  in  any  other  way. 

To  construct  a  theory  of  the  mode  in  which  colours  are 
perceived,  which  should  explain  the  relation  of  the  fundamental 
to  the  other  colours,  the  physiological  relation  of  the  comple- 
mentary colours,  and  the  mistakes  made  by  those  who  are 
colour-blind,  was  a  problem  which  occupied  physicists  and 
physiologists  during  the  fii^st  half  of  this  century.  In  1800, 
however,  the  mighty  intellect  of  Thomas  Young  had  already 
formulated  such  a  theory  ;  but  as  it  was  in  advance  of  the  ac- 
cepted physiology  of  his  day,  it  lay  dormant  and  forgotten,  until 
revived  and  slightly  modified  by  Helmholtz,  when  it  was  found 
not  only  to  explain  nearly  all  the  phenomena  associated  with 
our  perception  of  colours,  but  to  be  in  strict  accordance  with 
many  facts  which  have  been  discovered  and  theories  which  have 
been  accepted  since  it  was  first  constructed. 

Young's  theory  was,  that  in  the  eye  there  existed  three  sets 
of  fibres,  each  of  which  was  excited  by  one  of  the  fundamental 
colours  and  by  the  non-fundamental  colours  near  it  in  the  spec- 
trum, so  that  each  fundamental  colour  excited  only  one  set  of 
fibres,  but  a  non-fundamental  colour  excited  the  fibres  corre- 
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spending  to  the  fundamental  colours  on  each  side  of  it.  Thus  red 
and  green  would  each  excite  one  set  of  fibres  only,  while  yellow, 
which  lies  between  them  in  the  spectrum,  would  excite  both 
the  red  and  green  fibres ;  this  explains  why  the  same  visual 
sensation  is  produced  by  a  pure  spectral  yellow,  and  a  yellow 
produced  by  mixing  red  and  green.     This  theory,  however, 
although  capable  of  accounting  for  most  of  the  facts  connected 
with  colour-vision,  leaves  a  few  unexplained — for  instance,  the 
fact  of  the  subjective  sensation  of  the  after-image  of  bluish- 
green  (the  complement  of  red)  being  more  intense  than  that 
caused  by  the  primary  sensation  of  the  purest  red  in  nature, 
namely,  that  of  the  spectrum  ;  it  fails  to  explain,  also,  why 
those  who  are  blind  to  red  confuse  certain  shades  of  red  and 
green,  for  according  to  it  pure  red  would  excite  no  visual  sen- 
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Fig.  84.— Holmgren's  Diagram  of  Normal  Coloixr-vision. 

ation  at  all.  To  meet  these  difficulties,  Helmholtz  modified 
the  theory  somewhat. 

Young-Helmholtz  theory.— This  modified  theory  is  as  follows  : 
That  there  exist,  as  assumed  by  Young,  three  sets  of  nerve- 
elements  corresponding  to  the  three  fundamental  colours,  but 
that  each  of  these  colours,  in  addition  to  exciting  its  own  special 
elements,  excites  also,  but  in  a  much  less  degree,  the  others. 
The  efiect  of  the  various  colours  of  the  spectrum  in  different 
sets  of  elements  can  be  conveniently  shown  by  the  accompanying 
diagram  (fig.  84).  The  curves  I,  2,  and  3  represent  respectively 
the  nerve-elements  corresponding  to  red,  green,  and  violet ;  the 
height  of  the  curve  at  any  point  is  in  proportion  to  the  degree 
in  which  it  is  stimulated  by  the  colour  indicated  below  by  a 
letter.  The  sensation  of  white  is  produced  by  the  maximum 
stimulation  of  all  three. 

According  to  this  view,  red  not  only  stimulates  strongly  the 
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red  elements  but  also  to  a  slight  extent  those  for  green  and 
violet,  it,  then,  we  could  eliminate  the  action  of  the  two  latter 
we  should  get  a  purer  sensation  of  red;  this  can  be  done  by 
gazmg  at  a  colour  formed  by  the  union  of  green  and  violet, 
VIZ.  bluish-green  ;  the  elements  corresponding  to  green  and 
violet^  then  become  fatigued,  and  the  complementary  red  of  the 
after-image  consequently  appears  more  vivid  than  the  purest 
red  with  the  eye  in  its  natural  condition.  The  Young- 
Helmholtz  theory  is  now  very  generally  accepted.  There  are, 
however,  several  rival  theories,  most  of  which  are  merely  modi- 
fications of  it,  and  need  not  detain  us  ;  but  what  maybe  termed 
the  photo-chemical  theory  of  Hering  must  be  brieOy  noticed. 

Hering's  theory.— It  was  discovered  a  few  years  ago  that 
there  existed  in  the  retina  a  substance,  which  received  the 
name  of  visual  purple,  upon  which  light  under  certain  conditionsi 
acted  chemically,  producing  a  kind  of  photograph  of  external 
objects.  Hering  assumed  that  there  are  three  substances,  each 
of  which  is  acted  on  chemically  by  two  colours  but  in  opposite 
ways,  the  one  colour  causing  disintegration  of  the  substance, 
the  other^  building  up ;  and  he  accordingly  designated  each  as 
an  assimilation  or  a  dissimilation  colour;  these  substances  he 
considers  as  corresponding  to  the  following  pairs  :  (1)  Red  and 
green,  of  which  red  is  the  dissimilation  and  green  the  assimila- 
tion colour.  (2)  Blue  and  yellow— of  these  he  is  uncertain 
which  to  consider  as  dissimilation  and  which  assimilation. 
(3)  White  and  black,  of  which  white  is  the  dissimilation  colour. 

According  to  this  view,  white  and  black  are  considered  as 
specific  colour-sensations,  and  not  as  expressing  the  combined 
effect  of  all  colours  or  the  absence  of  light. 

The  foundation  for  Hering's  theory  is  the  assumption  that 
the  visual  purple  plays  an  essential  part  in  vision ;  but  this  is  by 
no  means  proved.  That  prolonged  exposure  to  light  of  a  deli- 
cate membrane  like  the  retina  should  produce  some  changes  is 
not  surprising ;  but  if  such  changes  were  essential  to  vision  they 
would  surely  be  most  marked  where  vision  was  most  acute — 
viz.  at  the  yellow  spot — but  here  the  visual  purple  is  absent. 
This  theory,  however,  does  explain  a  fact  that  the  Young- 
Helmholtz  theory  does  not  account  for — viz.  that  a  complemen- 
tary after-image  is  seen  when  the  eyes  are  closed. 
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Dr.  Edriilge-Gi-eeii '  has  recently  propounded  a  theory  of 
colour-vision  which  assumes  that  every  individual  has  a  number 
of  primary  colour-sensations  corresponding  to  the  number  of 
hues  which  he  sees  in  the  spectrum.     Considering  the  visible 
spectrum  as  a  physical  series,  he  calls  the  different  bands  of 
colour  '  approximate  psycho-physical  units,'  the  word  '  approxi- 
mate '  indicating  that  they  are  not  absolutely  homogeneous  ;  for 
example,  the  blue  and  yellow  ends  of  the  green  band  differ  from 
each  other,  and  therefore  spectral  green  is  an  approximate  and 
not  an  '  absolute  '  unit.    He  would  classify  the  colour-percep- 
tion of  individuals  according  to  the  number  of  colours  which 
they  see  in  the  spectrum.    Those  who  see  all  seven  colours  he 
designates  as  '  7-units ' ;  those  who  see  no  distinction  between 
indigo  and  blue — a  very  large  class — as  '  6-units.'   The  next 
gi-ade — the  '  5-units  ' — see  no  distinct  orange,  red  appearing  to 
pass  directly  into  yellow,  so  that  to  them  the  spectrum  consists 
of  three  colour-bands,  of  which  the  brightest  parts  correspond 
respectively  to  the  red,  green,  and  violet  of  the  normal-sighted. 
In  the  '  2-unit '  the  colours  at  the  two  ends  of  the  spectrum  may 
meet,  or  they  may  be  separated  by  a  neutral  band  of  variable 
width.  If  this  neutral  band  occupies  the  whole  spectrum,  the  case 
may  be  classed  as  a  '  1-unit ' — i.e.  totally  colour-blind. 

Assuming  that  the  facts  are  correct,  we  have  here  an  excel- 
lent method  for  indicating  the  different  grades  of  colour- 
vision;  but  it  does  not  appear  to  us  in  any  way  to  explain 
colour-vision  and  its  defects,  while  the  perception  of  the 
various  kinds  of  physical  series  given  by  Dr.  Edridge-Green 
seems  to  present  little  or  no  analogy  with  that  of  the 
spectrum. 

The  retinal  elements  which  are  essential  to  colour-vision  are 
probably  the  cones,  for  they  are  most  abundant  at  the  yellow 
spot  where  colour-vision  is  most  acute,  and  more  sparsely  scat- 
tered at  the  periphery  where  colour- vision  is  very  defective  ;  and 
in  animals  whose  habits  are  nocturnal  the  cones  are  absent 
(Schultze). 

The  periphery  of  the  visual  field  is  blind  to  all  colours,  the 
field  for  green  being  the  smallest.    It  has,  however,  been  said 
(Landolt)  that,  if  colours  of  great  intensity  be  employed,  they 
'  ColouT-Blindness  :  Kegan  Paul,  Trench,  Trubner  &  Co.,  18!)1. 
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can  be  recognised  quite  np  to  the  periphery  of  the  field  Smce 
the  colour  of  objects  depends  on  the  light  reflected  from  them 
It  will  necessarily  vary  with  the  incident  liglit :  if  the  amount 
of  light  reflected  is  sufficiently  bright  to  stimulate  all  the  three 
sets  of  elements  to  their  maximum  extent,  the  sensation  of  white 
IS  produced  whatever  may  be  the  colour  of  the  reflecting  surface 
by  a  feebler  illumination.  A  colour  which  has  the  greatest  in- 
trinsic brightness- {.e.  reflects  the  most  light— most  easily  passes 
into  white  ;  in  this  respect  yellow  takes  the  lead.  For  the  same 
reason  colours  of  a  low  degree  of  saturation— containing  much 
white  light— differ  less  from  each  other  in  appearance  than  more 
saturated  colours ;  this  fact  has  an  important  practical  bearing 
in  testing  the  colour-vision. 

Congenital  defects  of  colour-vision.— It  has  long  been  known 
that  persons  are  occasionally  met  with  who,  although  possessing 
normal  sight  in  all  other  respects,  fail  to  see  any  difference 
between  colours  which  to  other  people  are  totally  dis"tinct ;  they 
are  therefore  said  to  be  colour-blind.  The  earliest  published 
case  of  colour-blindness  is  that  of  a  shoemaker  in  Cumberland 
named  Harris  (' Phil.  Trans,  of  Royal  Soc.  1777').  In  1794 
Dalton  discovered  his  own  defect,  and  mentioned  other  cases. 
But  it  is  only  within  the  last  twenty  years  that  attempts  have 
been  made  to  ascertain  the  frequency  of  colour-blindness ;  and 
the  result  of  the  examination  of  large  numbers  of  persons,  in  this 
country,  on  the  Continent,  and  in  America,  has  been  to  establish 
the  fact  that,  although  it  is  a  rare  defect  among  females,  the 
proportion  of  colour-blind  persons  among  males  whose  sight  is 
otherwise  normal  is  not  less  than  4  per  cent. 

That  the  percentage  should  be  so  high  seems  at  first  sight 
almost  incredible,  but  the  defect  is  one  that  can  not  only  easily 
be  concealed  by  the  subject  of  it,  but  one  of  wliich  he  may  be 
himself  entirely  unconscious.  In  early  life  we  learn  to  associate 
the  names  of  certain  colours  with  the  names  of  common  objects ; 
thus  we  learn  very  early  that  grass  is  green,  the  clear  sky  blue, 
and  that  a  soldier  wears  a  red  coat ;  a  child  who  has  normal 
colour-sense  soon  learns  to  recognise  similar  qualities  in  other 
objects  and  to  call  them  by  the  same  name,  whilst  one  whose 
colour-vision  is  defective  learns  by  heart  the  colours  of  common 
objects,  without  recognisiug  the  true  distinctions.   As  he  grows 
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older  he  is  puzzled  to  find  other  objects  designated  by  the  same 
epithet ;  if  he  attempts  to  name  the  colour  of  unfamiliar  objects 
he  makes  mistakes,  for  which  he  is  laughed  at,  and  he  probably 
thinks  no  more  about  the  matter,  but  does  not  again  commit 
himself  to  giving  a  name  to  a  colour.  Except  in  certain  employ- 
ments, it  is  very  seldom  that  one  is  called  upon  to  name  a 
colour  or  to  match  two  coloured  objects ;  and  it  must,  moreover, 
be  borne  in  mind  that  the  colour-blind  do  not  confuse  all  colours, 
but  only  a  few,  and  not  all  shades  of  those  ;  so  that  a  man  may 
easily  reach  adult  life  without  suspecting  his  defect  himself,  and 
still  more  easily  without  exciting  any  suspicion  of  it  among  his 
fi'ieuds.  The  case  of  a  woman  is  somewhat  different.  Except 
in  the  lowest  grades  of  society,  it  would  hardly  be  possible  for  a 
woman  who  was  colour-blind  long  to  conceal  her  defect ;  but 
among  women  the  defect  is,  as  we  have  said,  extremely  rare. 

Throughout  this  chapter  it  must  be  understood  that  we  are 
speaking  of  a  congenital,  not  of  an  acquired,  defect ;  in  many 
morbid  conditions  the  loss  or  impairment  of  colour-sense  is  an 
important  symptom,  and  in  some  toxic  forms  of  amaurosis — 
notably  that  due  to  tobacco — the  loss  of  colour-vision  over  a 
limited  area  of  the  visual  iield  is  a  characteristic  symptom. 
These  acquired  defects  will,  however,  be  more  appropriately  con- 
sidered under  the  diseases  in  the  course  of  which  they  occur. 

Defective  colour-vision  may  present  several  varieties  and 
degrees,  and  these  have  been  variously  classified.  The  mistakes 
made  by  the  colour-blind  can,  however,  be  conveniently  explained 
by  means  of  the  Young-Helmholtz  theory,  and  this  therefore  is 
usually  employed  as  the  basis  of  classification.  As  the  essence 
of  this  theory  is  the  existence  of  separate  nerve-elements  for 
each  of  the  three  fundamental  colours,  so  defective  colour-vision 
is  explained  by  the  absence,  or  impaired  function,  of  one  or 

more  of  these  sets  of  elements.    Thus  we  may  have  

A.  Total  colour-blindness  (achromatopsia),  in  which  there 
would  be  only  one  set  of  fibres  capable  of  excitation,  and  there- 
fore all  differences  of  colour  would  only  make  themselves  known 
according  to  the  degree  of  excitation  they  caused,  and  would  be 
perceived  only  as  various  degrees  of  brightness.  Total  colour- 
blindness is,  however,  extremely  rare,  and  need  not  be  further 
considered  here. 
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B.  Complete  blindness  for  one  of  the  fundamental  colours 

(partial  achromatopsia).    Thus  we  may  have— 
i.  Complete  red-blindness ; 
11-       „       green-blindness ; 
ui-       ,,       violet-blindness  (or  blue,  according 

to  Maxwell). 

C.  Incomplete  blindness  for  one  of  the  fundamental  coloui-s. 

D.  Incomplete  blindness  for  all  three. 

The  two  latter  may  be  conveniently  classed  together  as  feeble 
chromatic  sense. 

Among  pronounced  cases  of  colour-blindness — Group  B — red- 
blindness  is  the  most  common,  while  violet-blindness  is  very  rare. 

The  red-  and  the  green-blind  possess,  as  we  shall  presently 
see,  many  points  of  resemblance,  and  are  equally  important  in 
cases  where  the  competence  of  the  subject  to  distinguish  signals 


Fig.  85. — Colour-perception  of  Red-blind.  (Holmgren.) 

is  in  question.  For  these  reasons,  those  coming  under  B  i.  and 
B  ii.  are  sometimes  classed  together  as  '  red-green-blind,'  as 
they  would  necessarily  be  if  Hering's  theory  were  taken  as  the 
basis  of  classification. 

We  have  seen  that,  according  to  the  Young-Helmholtz 
theory,  each  fundamental  colour,  in  addition  to  exciting  the 
special  fibres  corresponding  to  it,  excites  also,  but  in  a  less 
degree,  the  other  fibres  ;  it  is  evident,  therefore,  that  the  absence 
of  one  set  of  fibres  must  alter  the  perception  not  only  of  the 
fundamental  colour  which  most  powerfully  excites  it,  but  also  of 
those  which  excite  it  in  a  less  degree.  This  will  be  made  clearer 
by  a  reference  to  the  annexed  diagram  (fig.  85),  which  is  a 
reproduction  of  fig.  84  with  the  curve  1  omitted,  and  therefore  re- 
presents the  colour- vision  of  the  red-blind.  The  sensation  of  white 
is  now  produced  by  the  excitation  of  tivo  instead  of  three  sets  of 
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fibres.  Bed  will  excite  the  fibres  for  green,  and  very  slightly 
indeed  those  for  violet ;  therefore,  the  sensation  of  green  will  be 
produced.  Since  the  amount  of  excitation  of  each  set  of  fibres 
is  comparatively  slight,  the  colour  will  appear  to  be  lacking  in 
brightness  ;  but  as  the  stimulation  is  confined  almost  entirely  to 
the  one  set  of  fibres,  there  will  be  little  appearance  of  admixture 
with  white :  therefore  the  red  will  appear  as  a  saturated  green  of 
low  intensity. 

Eed,  orange,  yellow,  and  green  will  obviously  produce  very 
similar  sensations,  but  the  green  will  be  the  most  intense — i.e. 
the  brightest,  and  at  the  same  time  the  least  saturated — that  is, 
will  contain  the  greatest  amount  of  white.  A  red-blind  person, 
therefore,  would  distinguish  red  and  green  only  by  their  differ- 
ence in  brightness ;  if  the  two  appeared  of  the  same  intensity  to 
the  normal  eye,  the  green  would  appear  the  brightest  to  the  red- 
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blind  ;  and  if  given  several  shades  of  red  and  green,  and  told  to 
find  two — one  of  each  colour — which  appeared  to  him  alike,  he 
would  match  a  dark  saturated  red  with  a  bright  green.  It  is 
evident,  however,  that  yellow  and  blue  would  give  rise  to  totally 
difierent  sensations,  and  would  therefore  not  be  confounded  by  him. 

In  the  same  way,  for  the  green-blind  curve  2  is  omitted 
(fig.  86).  _ 

Eed  will  be  a  saturated  colour  of  low  intensity ;  yellow  will 
be  slightly  more  intense,  and  whiter. 

Green  is  composed  of  nearly  equal  parts  of  the  two  funda- 
mental sensations  which  in  the  green-blind  produce  white  by 
their  combination,  but  being  of  low  intensity  is  equivalent  to 
grey.  The  impression  produced  by  a  yellowish-green,  however 
(between  yellow  and  green),  would  not  be  easily  distinguished 
from  a  yellowish-red  (scarlet)  between  red  and  orange,  except 
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that  the  latter  would  appear  brighter.  Hence  the  green-blind 
will  not  unfrequently  match  a  scarlet  with  a  yellowish-green 
which  to  the  normal  sight  is  much  brighter. 

Violet-blindness  is  extremely  rare,  and  not  of  so  much 
practical  interest  as  the  preceding  varieties,  as  it  produces  no 
confusion  between  red  and  green,  which  are  the  colours  used  in 
signalling. 

According  to  Edridge-Green's  classification,  we  have  a 
gradual  transition  from  the  normal  '  7-unit '  to  the  totally 
colour-blind  '  1-unit,'  and  in  any  grade  there  may  be  shortening 
of  one  or  both  ends  of  the  spectrum.  For  practical  purposes, 
those  below  the  4-units  must  be  considered  to  be  colour-blind. 

Methods  of  testing  colour-vision.— The  practical  importance 
of  being  able  with  certainty  to  detect  defective  colour-vision 
lies  in  the  fact  that  the  lives  of  many  may  be  sacrificed  by  one 
man  mistaking  a  red  for  a  green  signal.    Hence  it  would  seem 
at  first  sight  that  the  best  test  would  be  to  show  the  examinee 
red  and  green  signals  in  succession,  and  ask  him  to  name  the 
colour.    Such  a  test  would,  however,  be  inefficient  for  several 
reasons.   We  have  seen  that  the  red-  and  green-blind  do  not  con- 
found all  reds  and  greens,  but  only  certain  shades  of  these  colours  ; 
given  a  red  and  green,  which  to  the  normal  eye  appear  of  equal 
brightness,  the  red  will  appear  the  brighter  to  the  green-blind, 
and  the  green  to  the  red-blind.    Seeing  the  two  lights  in  quick 
succession,  a  man  who  is  red-  or  gi-een-blind  may  recognise  the 
difference  between  them,  and  name  them  correctly ;  possibly  he 
is  unaware  of  his  defect,  and  believes  that  he  recognises  the 
true  difference  between  them.    But  this  is  not  sufficient;  he 
may  in  clear  weather,  and  at  a  known  distance,  recognise  a 
signal  correctly  ;  but  if  that  which  is  to  him  the  brighter  light  is 
obscured  by  steam  or  mist,  how  is  he  then,  with  no  standard  of 
comparison,  to  recognise  it  ?  At  sea,  too,  a  fresh  difficulty  is  inter- 
posed by  the  fact  that  the  distance  of  the  light  is  unknown.  The 
use  of  coloured  lanterns,  or  a  lamp  with  coloured  glasses  and  dia- 
phragms, so  that  signal  lamps  at  different  distances  can  be  repre- 
sented, is  interesting  as  a  confirmation  of  other  tests,  but  is 
utterly  unreliable  as  a  first  test. 

Many  lanterns  have  been  devised  which  show  coloured  lights 
under  the  same  optical  conditions  as  those  under  which  their 
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recognition  is  necessary  by  engine-drivers  and  others.  Some  of 
these  are  provided  with  iris  diaphragms,  which  enable  the  light 
to  be  increased  in  size  at  a  rate  corresponding  to  any  given 
speed  of  a  train.  Mr.  Nettleship,  in  conjunction  with  Mr. 
Brailey,  made  some  experiments  on  colour-blind  people,  from 
which  the  following  conclusions  were  arrived  at :  ' 

1.  When  red  and  green  are  shown  together,  they  are  often 
correctly  distinguished  if  well  within  the  maximum  distance. 

2.  If  white  and  red,  or  white  and  green,  are  shown  together, 
they  are  always  seen  to  be  different,  but  are  often  wrongly 
named. 

3.  By  using  various  shades  of  smoked  glass  it  is  possible  to 
make  the  wliite  light  indistinguishable  from  either  red  or  green 
to  the  colour-blind. 

4.  When  only  one  light  is  shown,  whether  white,  red,  or 
gi'een,  it  is  often,  but  by  no  means  always,  wrongly  named. 

A  test  should  be  sufficiently  rapid  to  enable  a  large  number 
of  persons  to  be  examined  in  a  short  space  of  time,  and  should 
not  require  the  correct  naming  of  colours.  Although  few  with 
normal  colour-sense  could  have  any  difficulty  in  naming  such 
shades  of  red  and  green  as  are  employed  in  signalling,  it  is 
otherwise  with  the  more  diluted  colours  which  are  used  in  most 
tests  ;  hence  ignorance  of  colour-names  may  easily  cause  the 
rejection  of  a  candidate  whose  colour-perception  is  normal,  if  the 
naming  of  the  colours  be  insisted  on.  Another  objection  to 
the  naming  of  colours  is  that,  if  the  number  of  test-objects  is 
small,  the  candidate  may  have  been  taught  to  name  them  cor- 
rectly. It  is,  of  course,  essential  that  it  should  be  a  real  test — 
i.e.  that  it  should  allow  no  one  with  defective  colour-vision  to 
pass,  or  condemn  any  with  normal  colour-sense. 

Holmgren's  wools  constitute  a  test  which  fulfils  these  require- 
ments better  than  any  other.  This  method  consists  in  making 
the  observer  pick  out  from  a  heap  of  wools  those  which  seem  to 
him  to  be  the  same  colour  as  one  given  to  him.  Skeins  of  wool 
have  been  chosen  as  the  test-objects,  for  the  following  reasons 
amongst  others  :  the  colours  are  purer,  and  the  surface  reflects 
less  white  light  than  pieces  of  paper,  glass,  or  other  stiff  material. 
They  can  be  obtained  in  any  variety  of  colour,  and  are  uniformly 
coloured  throughout. 

'  Appendix  C  to  Report  on  Colonr-Blindness,  loo.  cit.  p.  206. 
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The  tests  are  three  in  number  :  the  first  will  detect  all  those 
who  have  any  defect  of  colour-vision,  the  others  will  determine 
the  nature  of  the  defect. 

The  wools  must  be  placed  on  a  flat  surface,  on  a  white  cloth, 
in  good  daylight. 

Test  I. — In  the  first  test  a  skein  is  taken  as  the  colour, 
which  is  a  pure  green  rather  freely  mixed  with  white  ;  it  is 
represented  very  accurately  in  the  colour-plate  on  the  opposite 
page.^ 

The  heap  of  wools  should  consist  of:  (1)  A  variety  of  shades 
of  green  of  the  same  character  as  the  test-colour  ;  other  greens 
also  may  be  added,  such  as  blue-green,  but  they  make  the  test 
longer,  and  do  not  add  to  its  efficiency.  (2)  Various  shades  of 
the  confusion-colours  (1-5,  in  the  opposite  plate),  consisting  of 
greys,  drabs,  yellows,  rose,  aod  salmon  colours,  all  freely  diluted 
with  white. 

The  test-colour  is  shown  to  the  examinee,  and  he  is  told  to 
look  at  the  heap  and  to  pick  out  from  it  those  skeins  which 
appear  to  him  to  be  the  same  colour  as  it,  it  being  explained 
that  they  may  be  of  lighter  or  darker  shades. 

With  people  of  low  intelligence,  and  with  children,  it  is  a 
good  plan  for  the  examiner  to  go  through  the  test  himself  to 
show  how  simple  a  matter  it  is ;  if  the  number  of  wools  be 
sufficient,  and  they  are  properly  mixed  afterwards,  this  gives  no 
unfair  assistance  to  those  whose  colour-vision  is  defective. 

The  directions  may  be  given  to  a  large  number — as  many  as 

can  conveniently  see — at  the  same  time,  and  then  each  one  is 

told  to  step  forward  in  turn  and  go  through  the  test.  Those 

with  normal  colour-sense,  as  a  rule,  pick  out  the  correct  wools 

quickly  and  without  hesitation ;  those  who  have  any  defect 

choose  their  wools  in  a  slow,  hesitating  manner,  and  with  them 

select  one  or  more  of  the  confusion-colours,  and  miss  some  of  the 

greens.    Any  who  choose  a  confusion-colour,  or  show  a  genuine 

doubt  as  to  whether  they  should  choose  one — even  though  tbey 

reject  it — should  be  subjected  to  the  second  test.    Those  who 

'  Great  pains  have  been  taken  by  Messrs.  Lebon  &  Co.  to  reproduce  the 
colours  of  the  wools  in  the  plate,  but  it  is  difficult  or  impossible  to  do  so 
accurately.  The  plate  is  only  intended  to  represent  the  wools,  and  must  on 
no  account  be  itself  used  as  a  test,  as  some  of  the  compourd  colours  are 
composed  differently  to  the  dyes  used  for  the  wools. 
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pick  out  all  the  correct  wools  and  no  confusion-colours  may  be 
considered  to  possess  normal  colour-sense.  After  a  little  ex- 
perience one  learns  to  recognise  those  who  suspect  their  own 
deficiency,  by  their  general  behaviour;  they  generally  hang 
back,  and  watch  the  performance  of  others  with  great  care  ; 
when  their  turn  comes  they  are  most  laboriously  careful,  taking 
up  each  skein  and  looking  at  it  minutely.  The  inexperienced 
examiner  may,  however,  if  he  trusts  to  general  behaviour,  occa- 
sionally mistake  nervousness  or  stupidity  for  defective  colour- 
sense ;  the  difl&culties  arising  from  the  former  can  always  be 
overcome  by  tact  and  patience. 

The  object  of  Test  I.  is  to  separate  those  whose  colour- vision 
is  normal  from  those  in  whom  it  is  defective  :  the  nature  of  the 
defect  is  determined  by  the  following  test. 

Test  II. — A  rather  pale  but  bright  shade  of  purple  (rose)  is 
taken  as  the  test  (ii.  a  represents  it  fairlj^  well,  but  is  a  little 
too  dull).  The  heap  of  wools  consists  of  (1)  various  shades  of 
purple,  (2)  various  shades  of  the  confusion-colours  (6-9) — blues, 
violets,  jgreys,  and  greens. 

Purple,  being  composed  of  red  and  violet  or  blue,  is  to  the 
I'ed-blind  identical  with  the  two  latter  colours.  For  the  green- 
blind  a  combination  of  red  and  violet  produces  white  or  grey, 
and  green  (vide  G,  fig.  86)  produces  a  similar  effect,  but  less 
intense. 

Therefore — 

The  red-blind  chooses  bine  and  violet  (6  and  7)  ; 

The  green-blind  chooses  grey  and  bnght  green  (8  and  9). 

He  who,  having  failed  in  Test  I.,  chooses  only  purples,  has 
a  weak  chromatic  sense — i.e.  he  may  have  any  of  the  defects 
enumerated  under  C  and  D  on  p.  294,  There  is  no  practical 
advantage  in  endeavouring  to  distinguish  between  these.  The 
examination  may  close  here  ;  but  the  following  may  be  used  to 
confirm  the  result  in  those  who  have  failed  in  the  preceding  tests. 

Test  III. — A  bright  red,  such  as  is  employed  in  signal  flags 
(ii.  b),  is  used  as  the  test-skein.  The  confusion-colours  are 
dark  and  light  shades  of  green  and  brown  (10-13),  which  should 
be  rather  darker  than  10,  or  olive  colour. 

The  red-blind  chooses  a  green  and  a  dark  brown  (10  and  11), 
the  latter  being  a  combination  of  greenish-yellow  with  black. 
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The  green-blind  chooses  a  green,  brighter  to  the  normal  eve 
than  the  red,  or  lighter  brown  (12 -and  13). 

A  convenient  arrangement  of  Holmgren's  wools  has  been 
adopted  by  Dr.  Thomson  of  Philadelphia,  and  is  shown  in  the 
annexed  woodcut  (fig.  87).  The  skeins,  instead  of  being  thrown 
promiscuously  on  the  table,  are  hung  by  one  extremity  from  a 
bar,  and  to  each  skein  is  attached  a  number,  which  is,  however, 
concealed  from  view  while  the  instrument  is  in  use.  The  skeins' 
of  which  there  are  forty,  are  numbered  in  the  following  manner  •' 
The  test-colours  are  Nos.  1,  21,  and  31.  Nos.  1  to  20  consist 
alternately  of  colours  matching  the  test-colour  and  the  confusion- 
colours.    In  the  same  way  with  Nos.  21  to  30  in  the  second 


Fig.  87. --Dr.  Thomson's  Arrangement  of  Holmgren's  Wools. 


'test,  and  with  Nos.  31  to  40  in  the  third  test.  The  wools 
should  be  arranged  in  an  irregular  order  on  the  bar  (not  as  they 
are  shown  in  the  figure),  and  the  numbers  of  the  skeins  which 
the  examinee  chooses  in  each  test  are  noted ;  if  his  colour-vision 
is  normal,  these  will  of  coui'se  consist  only  of  odd  numbers. 

The  frequency  of  colour-blindness. — It  has  been  ascertained 
by  the  examination  of  large  numbers  of  people,  chiefly  by  Con- 
tinental and  American  obsei^vers,  that  the  number  of  coloui- 
blind  persons  is  on  an  average  a  little  over  4-  per  cent,  of  the 
male  population.  In  consequence  of  this  discovery,  the  Govern- 
ments of  various  countries  have  been  urged  to  make  compulsory 
the  testing  of  the  colour-vision  of  railway  employes  and  sea- 
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men ;  and  in  this  respect  Professor  Holmgren  in  Sweden,  and 
Dr.  Joy  Jeffries  in  America,  have  been  especially  active. 

It  was  felt  that  it  was  extremely  important  to  ascertain 
whether  the  frequency  of  colour-blindness  was  as  great  in  this 
country  ;  and  the  Ophthalmological  Society  of  Great  Britain  ac- 
cordingly, in  1880,  appointed  a  committee,  of  which  the  writer 
was  a  member,  to  investigate  the  subject.  The  following  are 
some  of  the  results  ^ 

The  total  number  examined  was  18,088;  of  these,  1G,431 
were  males  and  1,657  were  females. 

Of  the  males,  1,785  were  taken  from  classes  which  it  was 
suspected  might  contain  an  exceptionally  high  percentage  of 
colour-blind — these  were  imbeciles,  deaf-mntes,  members  of  the 
Society  of  Friends,  and  Jews :  all,  except  the  first,  gave  a  per- 
centage above  the  average. 

Deducting  these,  there  remain  14,646  males,  and  of  these 
4-16  per  cent,  had  defective  colour- vision,  in  3'5  per  cent,  the 
defect  being  of  the  pronounced  character  classified  under  B  on 
p.  294.  Comparing  different  classes  of  society  together,  colonr- 
blindness  would  seem  to  diminish  in  proportion  as  education 
improves.  Thus,  among  the  schools  of  the  poorer  classes  in 
Dublin^  the  average  of  pronounced  cases  was  4*2  per  cent. 
Among  the  London  metropolitan  police  and  schools  of  the 
same  rank,  it  was  3-7  per  cent.  In  middle-class  schools  it  was 
3'5  per  cent.  Among  medical  students  and  the  sons  of  medical 
men  it  was  2*5  per  cent.  Among  the  boys  at  Eton  it  was  only 
2-46  per  cent. 

Although,  however,  the  frequency  of  the  defect  diminishes 
with  the  education  of  the  class,  the  education  of  the  individual 
has  no  tendency  to  remove  the  defect ;  this  is  shown  by  the  fact 
that  there  was  no  appreciable  difference  between  the  children 
and  adults  in  the  same  class,  and  is  consistent  with  the  history 
of  individuals  who  have  known  themselves  to  be  colour-blind. 
Thus,  Dalton  discovered  his  defect  in  early  life,  and  always  took 

'  The  Eeport  of  the  Committee  is  published  in  the  Transactions  of  the 
Oplitlialmological  Society,  vol.  i.  p.  191. 

=  These  are  not  included  in  the  grand  total,  which  is  for  England  only. 
The  results  were  obtained  by  Mr.  Swanzy  from  an  examination  of  2,859  male 
children. 
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great  interest  in  comparing  his  ideas  of  colours  with  those  of 
other  people  ;  yet  he  remained  colour-blind  to  the  same  extent 
throughout  his  life  ;  and  the  same  has  been  recorded  of  others. 
Indeed,  there  is  no  case  on  record  in  which  a  person  proved  to 
have  had  congenital  colour-blindness  has  succeeded  in  removing 
the  defect. 

There  can  be  little  doubt  that  practice  in  distinguishing 
between  colours,  continued  through  several  generations,  would 
have  a  tendency  to  produce  higher  development  of  the  per- 
cipient elements,  while  want  of  practice  continued  in  the  same 
way  would  lead  to  their  degeneration.  In  this  way  may  pi^ob- 
ably  be  explained  the  great  rarity  of  colour-blindness  among 
women  (only  0*4  per  cent,  of  the  number  examined,  and  those 
for  the  most  part  slight  cases),  and  its  comparative  frequency 
among  the  Society  of  Friends  (5-9  per  cent,  of  males  and  5"5  of 
females). 

The  defect,  having  once  appeared,  would  have  a  tendency 
to  be  handed  down  to  posterity,  especially  if  intermarriage  took 
place  within  a  class  in  which  colour-blindness  was  especially 
frequent.  In  connection  with  this,  it  is  interesting  to  note  that 
the  daughters  of  a  colour-blind  parent,  although  not  exhibiting 
the  defect  themselves,  may  yet  transmit  it  to  their  children. 
Thus,  in  an  instance  which  came  under  the  writer's  own  obser- 
vation :  a  colour-blind  parent  had  seven  sons,  all  of  whom  were 
colour-blind  except  the  youngest,  and  three  daughters,  none  of 
whom  were  colour-blind ;  but  the  son  of  the  only  daughter  who 
married  was  colour-blind. 
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CHAPTER  XI. 

ON  THE  CRYSTALLINE  LENS. 

ANATOMY— VABIETIES  OF  CATAKACT— ETIOLOGY— SYMPTOMS— TREATMENT 
 NEEDLE  OPBBATION— LINEAR  EXTRACTION— SUCTION— FLAP  OPERA- 
TION—GRAEFE'S  LINEAR  AND  ALLIED  OPERATIONS— AFTER-TREATMENT 
—COMPLICATIONS— DISLOCATION  OP  THE  LENS. 

The  crystalline  lens  is  a  transparent,  bi-convex,  solid  body, 
enclosed  in  a  transparent  elastic  membrane — the  lens  capsule. 
In  front  of  the  lens  is  the  iris.  When  the  pupil  is  contracted 
the  iris  rests  on  the  anterior  surface  of  the  lens,  and  is  pushed 
somewhat  forwards  by  it ;  when  the  pupil  is  fully  dilated,  no 
part  of  the  lens  is  in  contact  with  the  iris  ;  while  in  inter- 
mediate conditions  a  corresponding  extent  of  the  surface  of  the 
iris  is  in  contact  with  the  lens.  Behind,  the  lens  rests  entirely 
against  the  vitreous  humoiu'. 

When  the  accommodation  is  relaxed,  the  convexity  of  the 
lens  is  greatest  posteriorly  (fig.  88  a)  ;  during  the  act  of  accom- 
modation, the  convexity  of  the  anterior  surface  is  greatly  in- 
creased, and  that  of  the  posterior  very  slightly,  if  at  all,  so  that 
the  curvature  of  the  two  surfaces  is  then  very  nearly  equal.  See 
Accommodation. 

The  measurements  of  the  lens  in  adult  life  are  from  8  to- 
9  mm.  across,  and  4  to  5  mm.  from  before  backwards. 

By  a  series  of  admirably  conducted  experiments  made  upon 
lenses  in  each  decade  of  adult  life,  Priestley  Smith  ^  has  found 
that  the  average  weight  of  the  lens  continually  increases,  the 
increase  being  at  the  rate  of  about  1-5  milligrammes  each  year; 
also  that  the  volume  of  the  lens  increases  continually,  at  the 
rate  of  about  1-5  cubic  mm.  each  year. 

Histology. — The  capsule  is  thickest  in  front,  and  diminishes 


'  Trans.  Ophth.  Sue.  vol.  iii. 
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towards  the  posterior  pole.  The  part  which  covers  the  front  of 
the  lens  (anterior  capsule)  is  lined  with  a  single  layer  of  hexa- 
gonal, transparent,  granular-looking,  epithelial  cells,  each  having 
an  oval  or  a  spherical  nucleus.  This  layer  of  cells  is  of  great 
physiological  importance ;  from  it  the  lens  fibres  are  probably 
derived.  It  governs  the  nutrition  of  the  lens  by  promoting 
proper  osmosis  between  the  lens  tissue  and  the  lymph  in  the 
anterior  chamber  (Leber).  In  this  nutritive  function  it  is  prob- 
ably greatly  assisted  by  the  ciliary  processes,  which  are  in  close 
contact  with  the  suspensory  ligament  just  before  it  reaches  the 
capsule. 

The  part  which  is  behind  the  lens  (posterior  capsule)  has  no 
epithelial  lining  of  this  kind ;  it  is  in  close  contact  with  the 
lens-substance  in  front  and  with  the  vitreous  humour  poste- 
riorly. 

The  suhstance  of  the  lens  is  made  up  of  lens  fibres  and  inter- 
stitial substance.  The  fibres  are  band-like  structures,  each 
containing  an  oval  nucleus ;  they  extend  between  the  anterior 
and  posterior  surfaces  of  the  lens,  and  are  arranged  in  con- 
centric lamellte  parallel  to  the  surface.  Each  lamella  consists 
of  a  single  layer  of  lens  fibres  joined  at  their  broad  surfaces. 
Their  extremities  are  slightly  enlarged.  At  the  two  surfaces  of 
the  lens  these  extremities  are  united  together  by  three  ray-like 
structm'es,  which  in  the  early  stage  of  cataract  can  often  be 
seen  by  focal  illumination,  in  the  form  of  white  lines  diverging 
from  the  poles  to  the  circumference  at  eqiial  angles.  In  the 
natural  state  these  sutures  contain  a  semi-fluid,  homogeneous, 
interstitial  cement  substance.  A  similar  substance  is  contained 
between  the  lamellas,  and,  in  smaller  quantity,  between  the 
fibres  of  each  lamella  (Klein).  In  this  cement  substance  there 
exist  certain  channels,  from  which  fine  canals  extend  between 
the  fibres  of  the  lamella?.  These  probably  have  an  important 
bearing  on  the  changes  in  the  shape  of  the  lens  during  accom- 
modation, and  in  the  nutrition  of  the  organ  (Otto  Becker).  The 
central  portion  of  the  lens  is  of  firmer  consistence  than  that  of 
the  periphery ;  hence  the  central  portion  of  the  lens  is  called 
the  nucleus  and  the  peripheral  portion  the  cortex.  This  dis- 
tinction is,  however,  entirely  arbitrary,  there  being  no  distinct 
line  of  demarcation  between  the  two  portions.    In  young  sub- 
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jects  the  lens  substance  is  soft  and  easily  broken  down ;  with 
age  it  becomes  gradually  firmer,  and  its  form  less  convex. 

The  suspensory  ligament  of  the  crystalline  lens  (zonule  of 
Zinn)  is  a  fibrillated  elastic  membrane,  extending  from  the 
reo-ion  of  the  ora  serrata  of  the  retina  to  the  equator  of  the 
crystalline  lens.  It  was  formerly  considered  to  be  formed  by 
the  anterior  division  of  a  hyaloid  membrane  which  enclosed  the 
vitreous  humour;  the  researches  of  Iwanoff,'  however,  have 
shown  that  this  membrane  is  identical  with  the  membrana 
limitans  of  the  retina,  and  that  the  suspensory  ligament  is 
formed  from  three  chief  sources  :  (1)  from  the  continuation  of 
the  membrana  limitans  interna  of  the  retina  ;  (2)  from  fine 
fibrils  derived  from  just  below  the  surface  of  the  vitreous  in 
the  region  of  the  ora  serrata ;  (3)  from  fine  filaments  arising 
from  the  rod-like  cells  of  the  pars  ciliaris  retinae,  from  between 
the  ciliary  processes  (see  fig.  53).  The  membrane  thus  formed 
follows  the  sinuosities  of  the  ciliary  processes,  and  is  continued 
forwards  to  the  anterior  part  of  the  equator  of  the  capsule  of  the 
lens,  to  which  it  is  firmly  attached  in  a  tortuous  line.  Before  it 
reaches  the  equator  of  the  lens  the  suspensory  ligament  is  sepa- 
rated from  the  vitreous  by  a  space — the  canal  of  Petit — which 
is  probably  occupied  by  lymph  during  life.  The  relation  of  the 
suspensory  ligament  to  the  surrounding  structures  is  of  great 
practical  importance,  more  especially  with  regard  to  accommo- 
dation, to  the  extraction  of  cataract,  and  to  dislocation  of  the 
lens.  The  function  of  the  suspensory  ligament  is  probably  that 
■of  maintaining  the  lens  in  situ,  and  of  controlling  its  accommo- 
dative chanares.  It  offers  no  obstacle  to  the  interchanare  of 
fluids  between  the  aqueous  and  vitreous  chambers. 

Lenticonus,  or  conicity  of  the  lens,  occurs  either  at  its  an- 
terior or  posterior  pole.  It  is  recognised  by  a  circular  shadow 
seen  occupying  the  pupillary  area  on  retinoscopy,  by  distortion 
■of  the  retinal  vessels  on  direct  ophthalmoscopic  examination, 
and  by  the  centre  of  the  lens  being  more  highly  refractive  than 
its  peripheral  part.  All  these  signs  are  also  present  in  conical 
cornea,  but,  by  the  use  of  the  keratoscope  or  Javal's  ophthalmo- 
meter, the  latter  as  the  cause  of  these  signs  can  be  excluded. 

Colohoma  lentis  is  a  congenital  deficiency  which  is  occasion- 

'  Strieker's  Handhooh  of  Histology. 
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DESCRIPTION  OF  PLATE. 

Fit}.  1. — *  Partial  dislocation  of  lens  (backwards  and  outwards). 
„    2. — Dislocation  of  lens  (forwards). 
„    3.- -Pyramidal  Cataract;. 
„    4. — Pyramidal  Cataract. 
„    n. — Lamellar  Cataract. 
„    6.  -Lamellar  Cataract. 
„    7. — Cortical  Cataract. 
„    8.-  Cortical  Cataract. 
„    S).  -  Nuclear  Cataract. 
„  10. — Nuclear  Catai'act. 
„  11.—  Posterior  Polar  Cataract. 
„  12.-- Posterior  Polar  Cataract. 

^  N.B. — The  figures  in  which  the  pupil  is  red  represent  the  eye  as  seen  by 
using  the  ophthalmoscope  mirror;  others,  as  seen  by  the  oblique  focal  illumi- 
nation. 
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ally  seen  in  the  margin  of  the  lens  opposite  the  site  of  a  colo- 
boma  of  the  iris  and  choroid.  The  deficiency  may  appear  in  the 
form  of  a  small  indentation,  or  even  as  a  mere  flattening  of  the 
natural  convex  margin.  A  rare  case  of  a  bulging  of  the  lens 
substance  instead  of  a  depression  opposite  the  position  of  a 
coloboma  of  the  choroid  and  iris  has  recently  been  recorded  by 
Doyne  of  Oxford. ' 

Cataract  is  an  opaque  condition  of  the  crystalline  lens,  which 
is  due  to  structural  changes  of  its  component  fibres.  The 
opacity  varies  so  much  in  the  portion  of  the  lens  which  is  first 
affected,  in  its  rate  of  progress,  in  the  time  of  life  at  which  it 
occurs,  in  its  colour  and  consistency,  and  in  its  causes,  that  it 
is  difficult  to  construct  a  good  classification.  The  following 
arrangement  of  the  different  forms  of  cataract  may  be  found 
useful : 

(1)  NuGlear;  (2)  Cortical;  (3)  Lamellar;  (4)  Pyramidal; 
(5)  Postmor  loolar ;  (6)  General  or  mixed. 

1.  Nuclear  or  central  cataract. — In  this  form  the  opacity 
commences  in  the  central  portion  of  the  lens,  and  gradually 
shades  off  towards  the  periphery  (see  figs.  9  and  10,  opposite 
p.  306  ;  also  fig.  88  e).  Its  rate  of  increase  varies  considerably, 
the  whole  lens  in  some  cases  becoming  opaque  in  the  course  of 
a  few  months,  whilst  in  others  the  cortex  may  remain  clear  for 
years.  Its  colour  is  usually  that  of  amber  ;  sometimes  it  is 
almost  white,  in  other  cases  brown,  and  occasionally  quite  black. 
It  mostly  occurs  after  the  age  of  fifty — very  frequently  from 
fifty  to  fifty-five.  It  may,  however,  come  on  at  any  age,  or  be 
present  at  birth. 

2.  Cortical  cataract  commences  on  both  surfaces  of  the  lens 
in  the  form  of  pyramidal  streaks,  having  their  bases  at  the 
equator  of  the  lens,  and  their  apices  directed  towards  its  antero- 
posterior axis  (see  figs.  7  and  8,  opposite  p.  306  ;  also  fig.  88  d); 
these  are  usually  irregular  in  length  and  breadth.  They  are 
at  fii^st  quite  covered  by  the  iris,  and  can  then  only  be  seen  by 
dilating  the  pupil.  After  a  time,  however,  they  encroach 
upon  the  central  portion  of  the  lens,  and  can  be  seen  within  the 
aormal  pupillary  area.  These  streaks  finally  become  united 
into  a  mass  of  cortical  opacity ;  the  central  portion  also  becomes 

'  Tranf.  Ophth.  Sue.  vol.  xi.  p.  220. 
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opaque,  and  tlie  whole  lens  is  thus  rendered  cataractous.  This 
form  of  opacity  is  of  frequent  occmrrence  in  old  people,  and  is 
but  rarely  seen  befoi-e  the  age  of  fifty.  When  progressive,  as 
it  usually  is,  cortical  cataract  shows  great  variation  in  its  rate 
of  increase. 

3.  Lamellar    cataract  (zonular). — In  this  form  both  the 
central  and  the  peripheral  portions  are  unaffected,  but  a  shell- 
like layer  of  opacity  exists  between  the  centre  and  the  surface 
of  the  lens  (see  figs.  5  and  6,  opposite  p.  306 ;  also  fig.  88  r). 
The  exact  position  of  this  lamina  is  variable,  but  it  is  iisually 
between  the  inner  and  outer  fourths  of  the  substance  of  the  lens. 
U]oon  oblique  focal  illumination  the  cataract  will  be  seen  to  be 
whiter  at  its  periphery  than  at  its  centre,  also  upon  ophthal- 
moscopic examination  the  peripheral  portion  of  the  opacity  will 
appear  denser ;  this  is  just  the  reverse  to  the  condition  seen  upon 
■examining  a  nuclear  opacity.    It  is  generally  very  thin  and 
delicate  in  structure,  and  has  a  faint  bluish- white  semi-trans- 
parent appearance;    its  surface  is  smooth,  or  only  slightly 
granular ;  and,  if  this  condition  continues,  it  appears  to  remain 
stationary ;  occasionally,  however,  there  appear  dots  of  denser 
opacity  upon  its  surface,  which  increase  at  the  expense  of  the 
peripheral  portion  of  the  lens,  and  may  often  be  seen  as  delicate 
radial  projections  directed  towards  the  surface.    As  a  rule, 
lamellar  cataract  remains  stationary;  occasionally,  however,  it 
gradually  extends,  and  involves  the  whole  lens.    This  form  of 
oataract  generally  comes  on  a  few  months  after  birth  ;  but,  as 
-the  opacity  is  not  usually  sufficiently  dense  to  be  conspicuous, 
the  condition  is  often  not  discerned  until  the  child  learns  to 


read.^ 


>  Since  the  growth  of  the  lens  takes  place  by  means  of  new  material 
formed  on  its  surface,  the  occurrence  of  a  layer  of  cloudy  lens  substance  at  a 
certain  depth  would  seem  to  indicate  that,  at  some  period  during  its  growth, 
there  had  been  an  interference  with  the  general  health,  which  had  led  to  the 
deposit  during  that  period  of  imperfect  lens  material.  This  is  supported  by 
the  fact  that  in  children  with  lamellar  cataract  a  history  of  convulsions  in 
infancy  can  generally  be  obtained,  while  there  is  usually  a  peculiar  appear- 
ance of  the  permanent  teeth,  consisting  in  a  defect  in  the  enamel  which 
Tenders  them  of  a  bad  colour;  they  generally  present  a  constriction  a  httle 
below  the  summit  of  the  teeth,  and  the  surface  has  a  corrugated  appearance. 
These  changes  are  generally  most  marked  in  the  molars.  It  will  often  be 
found  that  mercmrial  powders  have  been  administered  for  the  convulsions,  and 
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4.  Pi/ramidcd  cataract  consists  iu  a  dense,  chalky-white, 
circular  patch  of  opacity  at  the  anterior  pole  of  the  lens,  on  and 
immediately  beneath  its  capsule  (see  figs.  3  and  4,  opposite 
p.  306) ;  it  is  usually  about  1  or  2  mm.  in  diameter,  and  when 
viewed  from  the  side  it  is  seen  to  stand  out  in  front  of  the  lens 
in  a  pyramidal  form  (fig.  88  b).  The  opacity  only  extends  for 
a  short  distance  into  the  lens  substance;  that  portion  of  the 
capsule  which  is  in  front  of  the  cataract  is  often  somewhat 
puckered,  and  may  contain  deposits  of  organised  lymph  upon  its 

anterior  surface. 

This  condition  is  sometimes  congenital,  the  cause  in  these 
instances  being  probably  intra-uterine  iritis  or  the  remains  of 
the  capsulo-pupillary  membrane  on  the  front  of  the  lens  ;  more 
often,  however,  it  is  the  result  of  an  attack  of  ophthalmia  neo- 
natorum, which  has  caused  a  central  perforating  ulcer  of  the 
cornea ;  on  the  escape  of  the  aqueous  humour,  the  lens  has  been 
pressed  forwards  against  the  cornea,  the  perforation  becoming- 
closed  by  lymph ;  the  aqueous  has  then  re-collected,  and  the 
lens,  being  thus  pressed  back  to  its  normal  position,  has  carried 
with  it  a  little  mass  of  lymph.  A  local  multiplication  of  the 
subcapsular  epithelial  cells  has  been  assigned  as  the  cause  of 
the  opacity.  In  such  cases,  a  central  opacity  of  the  cornea  can 
usually  be  seen  by  focal  illumination ;  occasionally,  however, 
cases  are  met  with  in  which  there  are  a  faint  central  nebula 
of  the  cornea  and  pyramidal  cataract  without  any  history 
of  purulent  conjunctivitis.  Pyramidal  cataract  is  always 
stationary. 

5.  Posterior  polar  cataract  is  the  term  applied  to  any  opacity 
situated  on  the  posterior  pole  of  the  lens  or  its  capsule.  The 
opacity  is  usually  small,  round,  and  white ;  it  not  unfrequently 
has  minute  streaks  radiating  from  it  (see  figs.  11  and  12, 
opposite  p.  306).  Posterior  polar  cataract  may  be  congenital 
or  acquired.  The  congenital  form  is  probably  in  some  way 
connected  with  imperfect  absorption  of  the  foetal  hyaloid  artery ; 
and  cases  have  been  recorded  in  which  a  minute  thread,  corre- 
sponding in  position  and  size  to  that  structure,  has  been  visible 
passing  back  from  the  opacity  towards  the  optic  disc.    This  is 

it  is  thought  by  some  that  the  condition  of  the  teeth,  and  possibly  also  that 
of  the  lens,  is  due  to  this  circumstance. 


310 


ON  THE  CRYSTALLINE  LENS. 


a  spurious  form  of  cataract,  si  nee.  there  is  no  opacity  of  tlie  lens 
or  its  capsule,  but  merely  a  small  piece  of  the  opaque  capsule- 
pupillary  membrane  adherent  to  the  latter.  The  acquired  form 
is  generally  progressive,  and  is  nearly  always  secondary  to  pig- 
mentary degeneration  of  the  retina  or  chronic  inflammatory 
changes  in  the  choroid  and  ciliary  body  attended  with  numerous 
vitreous  opacities.  The  change  occurs  in  the  posterior  central 
radiating  fibres  of  the  lens  (fig.  88  c). 

G.  General  or  mixed,  cataracts  include  all  those  in  wliich  the 
opacity  occurs  both  in  the  cortex  and  nucleus,  whether  these 
are  completely  opaque  or  merely  dotted  throughout  with  spots 
or  striae  of  opacity.  Such  cataracts  ax-e  met  with  in  endless 
variety,  and  ro  useful  puipose  woild  be  served  by  a  more 
detailed  classification  of  them. 


Fig.  88. — Cataractous  Lenses,  seen  sideways. 


Many  of  the  congenital  cataracts  would  come  under  this 
headnig.  These  may  occur  in  one  or  both  eyes.  Usually  the 
whole  lens  is  opaque ;  but  exceptional  forms  occur,  such  as  the 
anterior  and  posterior  polar,  and  cataracts  in  which  the  opacity 
is  distributed  irregularly.  Not  unfrequently,  in  congenital 
cataracts  the  pupil  acts  very  imperfectly  to  atropine,  and  the 
eye  is  often  defective  in  other  respects,  so  that,  even  after  a 
successful  opei-ation,  the  vision  is  not  good. 

Cataracts  are  generally  classed  as  being  either  hard  (senile) 
or  soft ;  and,  although  all  intermediate  degrees  of  consistency 
are  met  with,  the  distinction  has  a  practical  importance,  as  the 
two  classes  are  amenable  to  different  modes  of  treatment.  The 
soft,  if  broken  up,  are  readily  dissolved  by  the  aqueous,  and  can 
be  Absorbed  with  that  fluid,  while  it  is  impossible  to  extract 
the  lens  from  its  capsule  en  masse.    The  hard  cataracts,  on  the 
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contrary,  when  broken  up,  imbibe  the  aqueous  humour,  and 
unclero-o  much  swelling,  but  show  little  tendency  to  become 
absorbed  •  on  the  other  hand,  when  they  have  reached  a  certain 
stao-e  of  maturity,  they  can  be  shelled  out  entire  from  the 
caplule.  One  may  say  that,  as  a  rule  (to  which  there  are 
many  exceptions),  cataracts  whicli  occur  before  the  age  of 
thirty  or  thii-ty-five  are  soft,  and  those  occurring  after  that  age 
are  hard. 

A  hard  cataract  whicli  has  reached  its  full  development 
may  undergo  pathological  softening  ;  this  usually  begins  in  the 
cortical  portion  of  the  lens,  which  becomes  more  or  less  milky 
in  appearance.  Sometimes  the  fluidity  of  the  cortical  structure 
is  such  that  the  harder  central  portion  (nucleus)  floats  about ; 
this  constitutes  what  is  known  as  the  cataract  of  Morgagni. 

The  causes  of  cata/ract  are  still  very  obscure.  The  opacity 
appears  to  be  due  to  an  atrophic  granular  degeneration  of  the 
lens  fibres.  This  is  probably  the  result  of  defective  nutrition, 
although  it  is  frequently  developed  without  any  perceptible  local 
or  general  cause. 

1.  Senility. — In  many  cases  the  disease  appears  to  be  due 
to  the  decline  of  vitality  in  the  tissues  of  the  body,  either  from 
age,  anxiety,  or  dissipated  habits. 

2.  Diabetes. — A  large  proportion  (about  6  per  cent.)  of  dia- 
betic patients  suffer  from  cataract.  This  is  usually  of  the  soft 
variety,  and  matures  slowly.  It  is  well  to  bear  in  mind  that 
other  ocular  aflFections  are  common  in  this  disease,  such  as 
paresis  of  accommodation,  amhlyojna,  hemianopsia.,  retinitis.,  and 
optic  nerve  atrophy.  Nevertheless,  diabetic  cataracts  may  be 
operated  upon  successfully ;  in  fact,  many  surgeons  are  of 
opinion  that  the  eye  recovers  •  from  the  effect  of  the  operation 
as  readily  as  in  health, 

3.  Ergotism  has  been  observed  to  produce  cataract ;  it  is 
supposed  to  act  by  causing  spasmodic  contraction  of  the  vessels 
of  the  ciliary  body, 

4.  Local  diseases  of  the  iris,  choroid,  or  ciliary  body,  as 
in  the  secondary  cataract  of  glaucoma,  and  of  sympathetic 
disease, 

5.  Injurij. — This  may  consist  in  a  blow  upon  the  globe,  by 
which  the  capsule  is  ruptured,  or  the  lens  is  entirely  or  partially 
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dislocated;  it  may  be  wounded  by  a  sliarp  instrument,  or  a 
foreign  body  may  liave  entered  or  passed  through  it.  Opacity 
may  follov/  a  perforation  caused  by  an  ulcer  of  the  cornea,  as, 
for  example,  the  pyramidal  cataract. 

6.  Convulsions. — The  possibility  of  convulsions  being  a 
cause  of  lamellar  cataract  has  already  been  referred  to  (p.  308). 

7.  Inherited  syjihilis  is  considered  to  be  an  occasional  cause 
of  congenital  cataract  (Hutchinson). 

The  symptoms  and  diagnosis  of  cataract. 

1.  Gradual  failure  of  vision,  and  an  inability  to  obtain  suit- 
able glasses,  are  usually  the  first  symptoms  complained  of  by 
elderly  patients.  The  vision  is  generally  worse  in  one  eye  than 
in  the  other.  In  the  early  stage  of  those  forms  of  cataract 
where  the  opacity  commences  witliin  the  central  portions  of  the 
lens,  the  patient  can  always  see  better  when  placed  in  any  con- 
dition that  favours  the  dilatation  of  the  pupil ;  he  will  therefore 
prefer  a  dull  day  or  the  twilight,  and  his  vision  will  be  improved 
by  wearing  a  shade,  or  by  standing  with  his  back  to  the  light ; 
his  distant  vision  will  be  better  after  the  use  of  atropine. 

With  the  progress  of  the  catai"act  towards  maturity,  all  useful 
vision  disappears.  First,  all  distant  test  types  and  objects  are 
lost  to  sight ;  then  the  reading  power,  even  for  the  largest  type, 
gradually  goes ;  lastly,  the  patient  is  unable  to  count  fingers 
when  held  up  within  from  20  to  40  cm.  of  the  affected  eye.  In 
no  case  of  cataract,  however,  is  the  opacity  so  dense  as  to  pre- 
vent the  patient  from  distinguishing  between  light  and  dark- 
ness. In  the  broad  daylight,  when  placed  with  his  face  towards 
the  window,  he  perceives  a  shadow  when  the  hand  is  passed  in 
front  of  the  eyes — jiercejition  of  light ;  and  in  a  dark  room  he  can 
localise  the  position  of  the  flame  of  a  lamp  or  candle — iJi-ojedion 
of  light.  Perception  of  light  should  always  be  present  in  mature 
cataract ;  its  absence  indicates  the  existence  of  disease  in  the 
fundus  oculi ;  of  course,  in  such  a  case  no  operation  could  be 
of  any  considerable  benefit. 

If  there  is  perception  of  light  but  bad  projection,  a  good 
result  must  not  be  expected  by  operation,  though  a  certain 
amount  of  vision  may  be  restored  to  the  patient  sufficient  to 
elicit  gratitude. 

Owing  to  the  changes  which  occur  in  the  various  sectors  of 
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tlie  lens  during  the  development  of  cataract,  it  sometimes 
happens  that  monocular  diplopia  and  irregular  astigmatism  are 
developed. 

In  children  there  is  generally  a  history  of  '  near-sightedness,' 
which  is  usually  noticed  as  soon  as  the  child  begins  to  read. 
This  is  due  to  the  fact  that  the  book  is  held  close  to  the  face 
in  order  to  obtain  larger  retinal  images  ;  it  is  more  parti- 
cularly noticeable  in  lamellar  cataracts.  When  the  opacity  is 
denser,  as  is  usually  the  case  in  congenital  cataracts,  the  white 
reflex  from  the  pupil  is  often  noticed  within  a  few  days  after 
birth. 

2.  Changes  in  the  airpeavances  of  the  impil. — In  young 
subjects  the  normal  pupil  looks  quite  black,  whether  seen  by 
diffused  light  or  by  focal  illumination  ;  after  the  age  of  thirty- 
five,  however,  it  often  happens  that  a  grey,  hazy  appearance 
is  presented,  which  may  easily  be  mistaken  for  cataract.  A 
diagnosis  should  therefore  never  be  given  on  the  strength  of 
tliis  appearance  only.  Whqn,  on  account  of  gi'adual  failure 
of  sight  or  other  symptoms,  the  presence  of  opacity  of  the  lens 
is  suspected,  the  jjupil  should  be  dilated  by  the  use  of  some 
mydriatic  (F.  19  or  18),  and  the  patient  examined  in  a  dark 
room  by  means  of  the  ophthalmoscope,  and  by  the  ohlique  focal 
illumination.  By  using  a  concave  or  a  plane  mirror  at  a  dis- 
tance of  about  one  metre  (40  inches)  in  front  of  the  eye,  any 
opacity  of  the  transparent  media  can  be  at  once  detected.  In 
tlie  normal  fundus,  as  already  described  (p.  177),  there  is  a 
homogeneous,  bright,  orange-red  reflection  lighting  up  the  whole 
area  of  the  dilated  pupil.  Any  opacity  existing  in  the  vitreous, 
the  crystalline  lens,  or  the  cornea  would  intercept  the  rays 
reflected  from  the  fundus,  and  so  would  appear  dark  (black)  in 
propoi"tion  to  its  density. 

To  ascertain  the  position  of  the  opacitij,  oblique  focal  illu- 
inination  (p.  93)  should  be  employed;  by  this  means  opacities 
of  the  cornea  or  lens  can  be  at  once  recognised.  If  the  opacity 
cannot  be  thus  detected,  recourse  should  be  had  to  direct 
ophthalmoscopic  examination,  when  an  opacity  in  the  vitreous 
will  at  once  be  recognised,  and  its  depth  approximately  mea- 
sured by  finding  what  is  the  strongest  convex  lens  with  which 
It  can  be  distinctly  seen.    In  many  cases  the  vitreous  is  fluid, 
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and  the  opacities  are  seen  to  float  about  as  the  aflTected  eye  is 
quickly  moved  in  any  direction.  As  seen  by  the  oblique  focal 
illumination,  the  opacity  of  the  lens  appears  in  its  true  colom-, 
and  the  transparent  portions  no  longer  present  a  red  reflex. 
The  characters  presented  by  the  various  immature  and  paitial 
cataracts  when  examined  by  these  methods,  are  given  in  the 
figures  opposite  p.  306  ;  it  will  be  observed  that  in  the  nuclear 
form  the  opacity  is  most  dense  at  the  centre,  and  gradually 
fades  away  at  the  outer  pai-t.  When  the  cortical  or  central 
portion  of  the  lens  is  sufficiently  clear  for  an  ophthalmoscopic 
examination  to  be  made,  advantage  should  be  taken  of  this 
opportunity  to  ascertain  the  condition  of  the  fundus ;  such 
knowledge  will  be  useful  with  regard  to  the  probable  results  of 
a  future  operation,  and  cannot  be  obtained  later  on  when  the 
cataract  has  become  more  general. 

In  the  lamellar  form,  if  the  pupil  is  widely  dilated  the  peri- 
phery of  the  lens  is  seen  to  be  clear,  while  in  the  centre  of  the 
pnpil  the  shell  of  opacity  forms  a  regular  circular  ai-ea  of  darker 
colour,  which  is  often  sufficiently  thin  to  allow  of  the  fundus 
being  seen  through  it ;  the  edge  of  this  often  appears  darker 
owing  to  the  opaque  shell  being  viewed  '  end-on ' ;  occasionally 
minute  strise  can  be  seen  radiating  from  the  opacity  into  the 
otherwise  clear  periphery. 

3.  Sanson's  images,  or  the  catoptic  test,  was  formerly,  before 
the  introduction  of  the  ophthalmoscope,  a  valuable  method  for 
proving  the  presence  or  absence  of  lenticular  opacity.  It  is  the 
test  for  demonstrating  that,  during  the  act  of  accommodation, 
the  anterior  surface  of  the  lens  bulges  forwards  to  increase  the 
refraction  of  the  eye.  If  a  light  is  thrown  into  the  eye  obliquely 
in  a  dark  room,  three  reflection  images  are  seen  occupjdng  the 
pupillary  area,  one  from  the  cornea,  a  small,  bright,  and  erect 
image  ;  one  from  the  front  of  the  lens,  large,  indistinct,  and  erect ; 
and  a  third  reflex  from  the  posterior  surface  of  the  lens,  the 
smallest  image,  relatively  brighter  than  the  last  hnt  differing 
from  the  other  two  by  being  inverted,  for  it  is  reflected  from  the 
anterior  surface  of  the  vitreous,  a  concave  mirror,  whereas  the 
other  surfaces  reflect  as  convex  mirrors.  If  there  is  opacity  of 
the  lens,  the  inverted  image  cannot  be  seen.  This  test,  in  the 
present  day,  is  only  called  into  use  to  diagnose  between  htemor- 
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rhao-e  into  the  vitreous  and  a  black  cataract,  for  in  both  these 
aflfections  the  pupil  may  appear  black  by  oblique  focal  illumina- 
tion as  well  as  upon  ophthalmoscopic  examination. 

The  treatment  of  cataract .—h\  no  case  can  the  opacity  of 
the  crystalline  lens  be  made  to  recede  by  the  use  of  therapeutic 
agents ;  the  question  of  treatment  therefore  resolves  itself  into 
the  best  means  of  restoring  vision  by  operative  measures. 

1.  By  artificial  pupil.— When  the  cataract  is  non-progres- 
sive, and  the  extent  of  the  opacity  is  such  that  its  area  is  equal 
to,  or  very  slightly  greater  than,  that  of  the  normal  pupil,  mucli 
benefit  is  sometimes  derived  from  the  formation  of  an  artificial 
pupil.  In  such  cases  the  patient  may  be  able  to  see  tolerably 
well  in  the  twilight  with  deeply  tinted  glasses,  by  shading  the 
eyes,  or  by  other  conditions  which  favour  the  dilatation  of  the 
pupil ;  but  is  quite  incapacitated  for  useful  vision  by  the  pre- 
sence of  diffused  bright  light,  which  causes  contraction  of  the 
pupil.  In  order  to  ascertain  the  probable  result  of  an  artificial 
pupil  in  a  case  of  this  description,  the  pupil  should  be  thoroughly 
dilated  with  atropine ;  the  vision  for  distant  types  should  then 
be  carefully  tested,  any  existing  error  of  refraction  being  at  the 
same  time  neutralised  by  means  of  the  correcting  glasses.  If 
this  dilatation  of  the  pupil  is  found  to  materially  improve  the 
distant  vision,  so  that  the  patient  is  enabled  to  see  the  letters 
corresponding  to  -{^,  y^g-,  or  even  -^^  of  Snellen,  it  may  be  anti- 
cipated that  the  vision  will  be  still  more  improved  by  the  for- 
mation of  a  small  artificial  pupil  in  the  downward  and  inward 
direction  ;  and  that  after  the  operation,  when  the  accommodating 
power  of  the  eye  is  no  longer  paralysed  by  atropine,  he  will  also 
possess  good  near  vision.  The  size  of  the  artificial  pupil  must 
vary  according  to  the  extent  of  the  opacity ;  so  long  as  it  is 
brought  opposite  to  the  clear  portion  of  the  lens,  the  smaller  it 
is,  the  better  will  it  be  for  distinctness  of  vision.  It  may  be  made 
by  iridectomy,  by  iridotomy,  or  by  iridodesis.  The  method  I 
prefer  in  these  cases  is  that  of  iridectomy  by  means  of  the 
hook,  as  described  on  p.  207.  The  artificial  pupil  made  in 
this  manner  is  narrow,  especially  at  its  periphery,  and  there 
is  not  so  much  spherical  aberration  as  occurs  in  larger  iridec- 
tomies in  which  a  considerable  extent  of  the  lens  margin  is 
exposed. 
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In  suitable  cases  this  operation  possesses  at  least  two  advan- 
tages over  the  removal  of  the  lens— namely,  that  the  operation 
Itself  is  practically  free  from  risk ;  and,  secondly,  that  the  power 
of  accommodation  is  retained. 

When  the  distcmt  vision  is  not  improved  by  full  dilatation  of 
the  pupil,  it  may  be  concluded  that  an  artificial  pupil  would  be 
of  no  service,  and  recourse  had  better  be  had  to  one  of  the 
operations  to  be  presently  described  for  the  absoiptiou  or  the 
removal  of  the  lens  itself. 

2.  By  solution  and  absorption. — Any  kind  of  cataract,  whether 
nuclear,  lamellar,  cortical,  or  general,  occurring  in  subjects 
under  thirty-five  years  of  age,  is,  as  we  have  mentioned,  soft  in 
structure.  By  lacerating  the  anterior  capsule,  and  breaking  up 
the  lamina  of  snch  a  lens,  the  aqueous  humour  is  brought  into 
immediate  contact  with  its  fibres,  and  has  the  effect  of  causing 
them  to  become  opaque  and  swollen.  This  effect  is  produced 
within  the  first  twenty-four  hours  after  the  operation,  and  is 
immediately  followed  by  a  process  of  gradual  disintegration, 
solution,  and  absorption.  This  method  is  called  discission,  or 
the  needle  operation.  It  may  be  employed  in  any  soft  cataract 
which  is  not  amenable  to  treatment  by  the  formation  of  an 
artificial  pupil.  The  younger  the  subject  the  more  quickly  do 
solution  and  absorption  take  place,  and  the  less  liable  is  the  eye 
to  severe  inflammation  after,  the  operation.  After  the  age  of 
thirty  the  nuclear  portion  of  the  lens  is  so  hard  that  the  number 
of  operations,  and  the  time  required  for  solution,  are  beyond 
endui'ance,  while  the  larger  size  of  the  lens,  and  the  greater 
intolerance  of  the  eye  to  increased  intra-ocular  tension,  render 
this  operation  more  dangerous  than  in  younger  subjects. 

The  needle  operation  (Discission,  Solution)  gives  so  little 
pain  that,  except  in  young  children  and  in  persons  of  nervous 
temperament,  angesthesia  is  not  necessary.  The  pupil  must  be 
dilated  by  the  previous  use  of  a  mj^driatic  (F.  18,  20,  21,  22). 
The  positions  of  the  operator  and  the  patient  are  the  same  as 
for  iridectomy  (p.  205).  The  lids  being  separated  by  a  specu- 
lum, and  the  globe  held  steady  by  fixation  forceps  or  with  the 
fingers,  a  cataract  needle  (fig.  89)  is  passed  obliquely  through 
the  outer  part  of  the  cornea  into  the  anterior  chamber.  Its 
point  is  then  made  to  perforate  the  anterior  capsule  of  the  lens 
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within  the  area  of  the  dihited  pupil  (see  fig.  90).  By  geiitle 
to-ancl-fro  movements  the  capsule  is  now  lacerated  ;  and  the  lens 
matter  having  been  broken  up  to  the  extent  desired,  the  needle 
is  gradually  withdrawn.  The  best  part  of  the 
cornea  at  which  to  insert  the  needle  is  that  at 
from  2  or  3  mm.  from  the  outer  extremity  of  its 
horizontal  diameter.  The  extent  to  which  the 
capsule  should  be  lacerated,  and  the  lens  matter 
stirred  up,  depends  upon  the  nature  of  the 
case.  Care  should  be  taken  not  to  wound  the 
posterior  capsule  of  the  lens,  as  the  vitreous 
is  then  liable  to  come  forward,  and  so  to  inter- 
fere with  the  action  of  the  aqueous  upon  the 
lens.  To  prevent  this  accident  needles  are 
often  made  with  a  shoulder  or  '  stop,'  as  the  left 
one  in  fig.  89  ;  this,  however,  is  not  a  suflficient 
safeguard  for  a  clumsy  operator,  and  is  quite 
unnecessary  for  anyone  of  average  dexterity; 
it  is,  however,  a  slight  advantage,  as  it  gives 
firmness  to  the  needle.  In  a  properly  con- 
structed cataract  needle  the  shaft  should  exactly 
fit  the  puncture :  if  it  fits  too  loosely  aqueous 
will  leak  out.  if  too  tightly  its  movements  will 
be  impeded.  The  complete  solution  of  a  lens 
by  this  process  usually  requires  the  perform- 
ance of  three  or  four  needle  operations,  and 
occupies  a  period  varying  from  four  to  eight 
weeks.  At  the  first  needlincj  it  is  best  not  to 
do  more  than  lacerate  the  capsule  and  the  most 
anterior  layers  of  the  lens  substance  by  a  slight 
vertical  or  crucial  incision.  This  is  usually  fol- 
lowed by  increased  opacity  of  the  lens  substance, 
which  swells  up  and  bulges  forwards  through 
the  pupil,  so  that  it  may  be  seen  projecting 
into  the  anterior  chamber.  After  the  operation 
the  pupil  must  be  kept  dilated  by  the  use  of 
1  per  cent,  solution  of  atropine  every  three  hours ;  the  patient 
should  be  kept  in  bed,  the  room  darkened,  and  the  lids  kept 
closed  by  means  of  Gamgee  tissue  and  a  bandage;  both  the 


Fig.  89. 
Cataract.  Needles. 
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eyes  should  be  screened  from  tlie  light,  either  by  means  oF  a 
dark  shade  over  the  bandage,  or-  by  remaining  in  the  dark 
room. 

Compliccdiont;. — Although  a  simple  and  easy  operation, 
several  precautions  are  necessary. 

(i.)  The  laceration  of  the  capsule  and  the  lens  must  not  be 
too  extensive,  especially  at  the  first  needling,  otherwise  the 
masses  of  crystalline  lens  become  so  rapidly  swollen  by  imbi- 
bition of  the  aqueous  as  to  set  up  increased  intra-ocular  tension. 
For  similar  reasons  the  iris  and  ciliary  body  are  liable  to  become 
irritated  by  the  swollen  lens  to  such  an  extent  as  to  cause  iritit: 
or  irido-cijditis. 


Fiu.  90. — The  Needle  Operation. 


(ii.)  During  the  three  days  succeeding  the  operation  the  eye 
requires  careful  watching  and  treatment.  The  occurrence  of 
slight  ciliary  congestion,  without  pain,  need  cause  no  anxiety ; 
but  if  the  redness  around  the  circumference  of  the  cornea  in- 
crease, and  be  accompanied  by  pain,  and  by  symptoms  of  com- 
mencing iritis,  a  few  leeches  should  be  at  once  applied  to  the 
lower  lid,  the  atropine  repeated  more  frequently,  and  the  iced- 
water  dressing  continued. 

(iii.)  If  these  remedies  do  not  cut  short  the  inflammatory 
symptoms,  but  are  followed  by  increasing  pain,  congestion,  and 
symptoms  of  irido-cyclitis,  or  glaucomatous  tension,  the  soft  lens 
matter  must  be  imviediateU/  removed,  either  by  the  method  of 
linear  extraction  or  by  suction. 

The  exact  period  at  which  to  perform  the  second  needling 
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must  be  decided  by  the  condition  of  the  eye.  In  no  Ccase  should 
it  be  undertaken  until  all  the  inflammatory  symptoms  which 
may  have  been  produced  by  the  first  operation  have  entirely 
subsided,  leaving  the  eye  perfectly  quiet,  free  from  all  pain,  and 
without  a  trace  of  redness  in  the  circumcorneal  zone.  As  a 
rule,  it  is  well  to  wait  until  the  process  of  absorption  seems  to 
be  at  a  standstill ;  if,  however,  it  is  wished  to  hasten  the  process 
there  is  no  objecttion  to  repeating  the  needling  as  soon  as  all 
irritation  has  ceased. 

In  the  second  and  third  operations  the  needle  may  be  used 
more  freely  than  in  the  first,  as  there  is  less  risk  of  setting  up  in- 
flammatory mischief  When  absorption  progresses  slowly,  some 
surgeons  perform  repeated  paracenteses  of  the  anterior  chamber 
in  order  to  evacuate  the  aqueous  humour,  which  is  saturated 
with  the  substance  of  the  lens. 

The  needle  operation  is  often  required  after  the  extraction  of 
cataract,  when  a  portion  of  opaque  capsule  lies  in  the  pupil.  A 
single  needle  may  suffice  for  this  purpose,  but  when  the  capsule 
is  tough  it  is  always  better  to  use  two,  otherwise  the  attachment 
of  this  membrane  in  the  region  of  the  ciliary  body  is  necessarily 
dragged  upon,  and  cyclitis  is  very  likely  to  be  set  up ;  if,  on  the 
other  hand,  two  needles  are  used,  the  rent  can  be  made  by 
tearing  from  the  centre,  without  traction  on  the  ciliary  attach- 
ment. 

The  needle  operation  is  often  supplemented  by  the  subse- 
quent removal  of  the  soft  lens  matter,  either  by  linear  extraction 
or  by  suction.  These  operations  save  a  good  deal  of  time,  and 
are  sometimes  necessary,  as  we  have  seen,  to  counteract  in- 
flammatory symptoms  after  a  simple  needling. 

The  linear  operation  (Gibson)  consists  in  the  removal  of  a 
soft  lens  through  a  small  incision  in  the  cornea.  It  is  especially 
indicated  in  cases  of  traamatic  cataract,  whether  produced  by 
the  needle  operation  or  by  any  other  injurj^,  in  which  the  eye 
has  become  painful  and  inflamed.  When  employed  for  the 
removal  of  other  forms  of  soft  partial  cataract,  as  the  lamellar, 
the  linear  extraction  should  be  preceded  by  the  needle  operation 
fp.  316),  the  anterior  capsule  of  the  lens  being  freelij  lacerated, 
in  order  that  the  lens  matter  may  be  rendei-ed  more  soft  and 
so  escape  more  freely  from  the  corneal  wound.    Some  surgeons 


320 


ON  TUB  CRYSTALLINE  LENIS. 


however,  prefer  to  complete  the  operation  at  one  sitting,  and  in 
order  to  do  this  they  lacerate  the  anterior  capsule  of  the  lens  by 
means  of  a  cystitome  (fig.  lOG)  introduced  on  the  flat,  through 
the  corneal  wound. 

When  the  needle  operation  is  performed  as  the  first  stage  of 
the  operation,  the  interval  of  time  which  should  elapse  between 
this  and  the  extraction  of  the  softened  lens  matter  must  vary 
with  the  condition  of  the  eye.  Should  the  latter  remain  quiet, 
and  free  from  any  marked  pain  or  redness,  it  may  with  advan- 
tage be  left  until  the  sixth  or  eighth,  day.  But  should  there  be 
considerable  pain,  and  especially  if  this  is  combined  with  in- 
flammatory or  glaucomatous  symptoms,  the  extraction  should 
be  eflFected  without  further  delay. 

Operation. — The  pupil  being  widely  dilated  by  atropine,  the 
eye  thoroughly  ancesthetised  by  cocaine,  the  eyelids  separated  by 
a  speculum,  and  the  globe  held  steady  by  fixation  forceps,  a  bent 
broad  needle  (fig.  67)  is  passed  through  the  cornea  into  the 
anterior  chamber  in  a  direction  parallel  to  the  plane  of  the  iris. 
'The  incision  should  be  about  2  mm.  within  the  margin  of  the 
cornea  on  its  temporal  side ;  its  width  should  be  about  5  or 
6  mm.    If  the  greater  part  of  the  lens  substance  still 
J     lies  within  the  capsule,  the  latter  should  be  freely  in- 
cised before  the  needle  is  withdrawn.    The  broad  needle 
is  then  withdrawn  and  laid  aside,  and  the  curette  (fig. 
91)  taken  up.    Gentle  pressure  is  first  made  with  this 
upon  the  outer  lip  of  the  wound,  and  is  usually  followed 
by  the  exit  of  a  considerable  qiiantity  of  aqueous  hu- 
mour and  soft  lens  matter  ;  the  curette  may  then  be 
carefully  introduced  through  the  wound  into  the  area 
of  the.  pupil,  when  any  remaining  lens  matter  will 
usually  be  found  to  escape  along  its  groove.  Should 
any  fragments  of  lens  still  remain,  they  may  be  fol- 
Curette'  ^o^®*^  by  the  curette,  and  the  point  of  the  latter  dipped 
beneath  them  so  as  to  scoop  them  out. 
Accidents  and  complications. — (i.)   Care  must  be  taken  in 
using  the  curette  not  to  rupture  the  posterior  capsule;  this 
accident  is  liable  to  be  followed  by  protrusion  of  the  vitreous 
forwards  into  the  anterior  chamber  and  through  the  corneal 
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wound.  If  this  slioulcT  occur,  no  farther  attempt  should  be 
made  to  remove  the  lens  matter. 

(ii.)  Unless  the  curette  be  gently  manipulated,  the  iris  may 
be  contused;  a  slight  injury  of  this  structure  is  liable  to  be 
followed  by  inflammation  and  plastic  exudation. 

(iii.)  At  the  time  of  the  first  escape  of  the  aqueous,  after  the 
incision  of  the  cornea,  the  iris  is  occasionally  found  to  protrude 
between  the  lips  of  the  wound.  This  can  often  be  returned  by 
gentle  pressure  with  the  curette  or  spatula.  Should  it  be  found 
impossible  to  do  this,  the  protruding  portion  must  be  seized 
with  forceps  and  excised  with  the  iridectomy  scissors.  Some 
surgeons  prefer  to  remove  a  small  piece  of  iris  in  all  cases. 

The  after-treatment  is  the  same  as  for  the  needle  operation. 

The  suction  operation  is  similar  in  principle  to  that  just  de- 
scribed, and,  like  it,  may  be  performed  all  at  one  sitting,  but  is 
generally  more  successful  when  preceded  by  the  needle  opera- 
tion. It  consists  in  the  removal  of  the  soft  lens  matter  by 
means  of  an  aspirator  passed  through  a  small  wound  in  the 
cornea.  The  same  interval  of  time,  &c.,  between  the  needling 
and  the  removal  of  lens  matter  is  necessary  her.e  as  in  the 
linear  operation. 

Operation. — The  eye  being  cocainised  and  fixed  as  before,  an 
incision  is  made  in  the  cornea  by  means  of  an  angular  broad 
needle  (fig.  67,  p.  207)  ;  the  wound  should  be  just  large  enough 
to  easily  admit  the  nozzle  of  the  aspirator  ;  it  should  be  on  the 
temporal  side  of  the  cornea,  about  2  or  3  mm.  from  the  sclerotic. 
The  aspirator  consists  of  a  small  flattened  cannula,  having  a  free 
opening  on  one  side  (6,  fig.  92),  and  connected  with  a  glass  tube 
{d  d).  This  is  attached  either  to  a  metal  piston-syringe  (Bow- 
man's) or  to  an  india-rubber  tube  and  mouthpiece  (e)  (Teale's). 
The  nozzle  of  this  instrument  is  passed  into  the  anterior  chamber 
with  its  concavity  upwards,  and  placed  in  the  most  favourable 
position  for  withdrawing  the  lens  matter  without  injuring  the 
iris.  It  is  well  to  keep  the  nozzle  of  the  syringe  well  in  view 
just  behind  the  cornea  in  the  area  of  the  pupil ;  it  should  not  be 
allowed  to  dip  deeply  behind  the  plane  of  the  iris  in  search  of 
fragments,  lest  it  tap  the  vitreous  instead  of  the  lens  matter. 
Gentle  suction  is  then  made,  and  as  much  lens  matter  removed 
as  possible. 
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The  after-treatment  is  the  same  as  for  the  needle  and  the 
linear  operations.  « 

This  operation  requires  great  care  and  delicacy  in  manipu- 
lation ;  when  successful  it  gives  very  satisfactory  results,  more 
especially  in  the  saving  of  time  which  it  effects  by  the  early 
removal  of  the  lens  matter. 

Unfortunately  it  is  occasionally  followed  by  inflammatory 
trouble,  which  sometimes  leads  to  loss  of  the  eye  by  suppura- 
tion. Strict  antiseptic  precautions,  especially  with  regard  to 
the  nozzle  of  the  insti'ument,  should  be  exercised  here  as  in  all 
cataract  operations.  The  first  symptom  of  such  a  mishap  is  a 
continuance  of  the  conjunctival  injection  and  pain  beyond  the 
third  day  ;  signs  of  iritis  then  supervene — dulness  of  the  iris 


Fig.  92. — Teale's  Suction  Apparatus  for  Cataract. 


a,nd  incomplete  dilatation  with  atropine;  a  day  or  two  later 
hypopyon  may  make  its  appearance.  A  good-sized  iridectomy 
downwards  will  sometimes  do  good  in  this  state  of  affairs,  and 
occasionally  the  pus  will  be  absorbed  and  a  good  result  ob- 
tained ;  the  suppuration  may,  however,  extend  to  the  vitreous, 
and  shrinking  of  the  globe  ensue. 

3.  By  the  extraction  of  the  entire  cataract. — After  the  age  of 
thirty  the  structure  of  the  lens  is  so  dense,  and  its  nucleus  so 
large,  that  its  removal  requires  a  larger  incision  than  that  just 
mentioned  for  the  linear  operation. 

It  is  usually  advisable  to  avoid  operating  until  the  opacity 
has  extended  to  the  greater  part  of  the  lens,  otherwise  the  un- 
a,ffected  cortical  substance  remains  adherent  to  the  capsule ;  and 
although,  owing  to  its  transparency,  it  is  difficult  or  impossible 
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to  see  it  at  the  time  of  the  operation,  it  afterwards  becomes 
swollen  and  opaque,  and  gives  rise  to  trouble  to  be  presently 
described.  When  the  whole  of  the  lens  has  become  opaque,  the 
cataract  is  said  to  be  '  mature '  or  '  ripe  ' ;  the  signs  of  this 
condition  are,  that  no  red  reflex  can  be  obtained  from  the  choroid 
by  the  use  of  the  ophthalmoscope,  and  no  shadow  is  thrown  by 
the  iris  upon  the  lens  when  light  is  projected  upon  the  eye  by 
oblique  focal  illumination.  If  the  cataract  is  removed  before  it 
has  reached  this  condition  of  maturity,  it  does  not  so  readily 
shell  out  from  the  capsule,  but  is  liable  to  leave  behind  it  more  or 
less  of  the  transparent  portion  either  adherent  to  the  capsule  or 
within  the  pupillary  area.  These  remains,  however,  can  often 
be  evacuated  at  the  time  of  the  operation ;  when  left  in  the  eye 
they  are  apt  to  swell  up  and  to  cause  iritis.  In  such  cases  lymph 
is  often  thrown  out  in  considerable  quantity,  and,  becoming 
organised,  may  form  a  dense  membrane  completely  occluding 
the  pupil.  As  a  rule,  these  fragments  of  cortical  matter  are 
eventually  absorbed,  but  in  the  meantime  irreparable  mischief 
may  have  been  set  up  by  their  presence. 

There  are,  however,  many  circumstances  which  sometimes 
render  it  highly  inconvenient,  if  not  altogether  impossible,  to 
wait  for  the  complete  maturity  of  a  cataract.  There  may  be 
commencing,  or  equally  advanced,  catai"act  in  the  second  eye,  by 
which  the  patient  is  deprived  of  all  useful  vision,  and  is  con- 
sequently debarred  from  following  his  usual  occupation.  The 
patient's  place  of  residence  may  be  beyond  the  reach  of  surgical 
skill,  and  he  may  be  unable  to  present  himself  for  periodical 
examination.  In  sucli  cases  the  extraction  of  the  immature 
catai-act  at  the  earliest  possible  date  is  imperative.  Under 
such  circumstances  it  is  best  to  perform  an  iridectomy  upwards 
as  a  preliminary  operation,  and  after  the  lapse  of  six  or  eight 
weeks  to  extract  the  cataract  from  one  eye  at  a  time.  This 
preliminary  iridectomy  does  not  interfere  with  what  little  vision 
the  patient  may  possess — indeed,  the  enlargement  of  the  pupil 
may  improve  this,  and  it  has  the  effect  of  lessening  the  danger 
of  iritis  after  the  extraction ;  it  also  enables  the  cataract  to  be 
removed  before  it  is  quite  mature  without  much  risk,  and  in 
some  cases  seems  to  hasten  the  maturing  of  the  cataract. 

When  one  eye  only  is  affected,  or  when  the  second  eye  is  still 
*  y  2 
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serviceable,  the  removal  of  the  lens  is  less  urgent ;  if,  however, 
the  cataract  is  quite  complete,  it  ib  better  that  it  should  be  ex- 
tracted without  further  delay.  The  result  of  the  operation  will 
not  be  so  satisfactory  to  the  patient  as  it  would  be  if  the  second 
eye  were  blind,  on  account  of  the  diff  erence  of  refraction  between 
the  operated  and  the  sound  eye ;  but  delay  in  extraction  might 
cause  the  cataractous  lens  to  undergo  fatty  degeneration  and  to 
set  up  inflammatory  trouble  in  the  eye,  and  so  prevent  the  pos- 
sibility of  a  successful  operation.  The  increased  visual  field 
which  is  obtained  by  the  use  of  both  eyes  is  of  considerable 
advantage,  while  the  operated  eye  will  be  ready  for  use  in  case 
of  the  other  becoming  cataractous.  Finally,  the  removal  of  a 
disfigurement,  which  is  often  very  marked,  is  of  importance 
from  an  aesthetic  point  of  view. 

When  both  eyes  a/re  affected  at  the  same  time,  and  both  the 
cataracts  mature,  it  is  well  that  the  two  extractions  should  not 
be  performed  at  the  same  sitting,  but  that  they  should  be 
separated  by  an  interval  of  some  weeks.  If  both  eyes  were 
done  together,  and  one  of  them  should  progress  badly,  it  would 
complicate  the  management  of  its  fellow  ;  whilst  in  two  separate 
operations,  the  failure  of  the  first  eye,  during  or  after  extraction, 
may  enable  us  to  take  special  precautions  with  the  second; 
thus  it  might  be  considered  better  to  make  the  incision  more 
or  less  peripheral,  to  perform  preliminary  iridectomy,  to  extract 
the  lens  in  its  capsule,  or  to  use  the  scoop  instead  of  pressing 
upon  the  cornea  in  the  removal  of  the  lens. 

Artificial  maturation  of  immature  cataracts  is  practised  by 
some  surgeons  in  order  to  accelerate  the  restoration  of  vision  by 
means  of  operation.  Various  methods  of  producing  the  artificial 
maturation  are  recommended  ;  they  are  chiefly  modifications  of 
the  method  of  Forster.' 

Forster's  method  of  artificial  maturation  consists  in  perform- 
ing a  preliminary  iridectomy.  This  in  itself  produces  a  dis- 
turbance in  the  clear  cortical  matter  by  the  lens  starting  for- 
wards at  the  escape  of  the  aqueous  humour  ;  he  increases  this 
disturbance  by  gently  rubbing  the  cornea  with  the  blunt  angle 
of  a  tenotomy  hook,  or  with  the  closed  iris  forceps,  imme- 
diately after  the  iridectomy.  The  increase  in  the  opacity 
■  Archives  of  OpMhalmology,  vol.  xi.  (1882),  p.  344. 
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caused  by  this  treatment  may  be  so  great  as  to  shut  off  all 
choroidal  reflex  in  six  days.  The  lens  may  be  extracted  about 
one  or  two  months  after  this  ripening  process.  Iritis  may 
follow ;  and  if  the  manipulation  has  been  too  severe,  vitreous 
wUl  almost  certainly  escape  at  the  time  of  the  extraction. 
Nuclear  cataracts  are  preferable  to  cortical  in  choosing  a  case 
for  this  treatment. 

Theoretically,  of  course,  this  operation  is  delightful.  Its 
advocates  maintain  that  it  shortens  the  period  of  useless  vision, 
restores  useful  sight  within  a  definite  time,  and  is  attended  with 
little  or  no  risk  of  destruction  to  the  eye.  Practically,  however, 
and  judging  from  what  I  have  seen  in  the  practice  of  others,  I 
am  of  opinion  that  it  would  be  safer  to  extract  an  immature 
lens  than  to  injure  it  by  this  method  of  procedure,  which  can 
hardly  fail  to  set  up  inflammation  in  the  ciliary  body,  iris,  cornea, 
and  other  parts. 

The  flap  operation. — It  was  not  until  towards  the  middle  ot 
the  last  century  that  the  operation  of  extracting  a  cataractous 
lens  became  a  regular  surgical  proceeding.  Previous  to  that 
date,  the  recognised  treatment  of  cataract  was  that  of  reclination 
or  couching,  which  consisted  in  dislocating  the  lens  into  the 
vitreous.  The  immediate  effect  of  this  was  of  course  satisfactory 
as  regards  the  improvement  in  vision,  but  subsequent  trouble 
nearly  always  arose  from  the  irritation  set  up  by  the  displaced 
lens,  and  the  eye  was  generally  eventually  lost  from  irido- 
choroiditis  or  glaucoma. 

During  the  first  half  of  the  eighteenth  century  extraction 
was  occasionally  performed  ;  but  to  Daviel  certainly  belongs  the 
credit  of  having  definitely  established  the  superiority  of  extrac- 
tion over  reclination. 

Daviel's  method  was  to  make  in  the  cornea  near 
its  lower  margin  an  incision  with  a  lance-shaped 
knife,  and  to  enlarge  this  in  both  directions  with 
scissors,  so  that  he  obtained  an  incision  concentric 
Fig.  93.      witk  the  lower  margin  of  the  cornea,  and  extend- 
ing a  little  above  the  horizontal  meridian  (fig.  93). 
The  flap  having  been  raised,  the  capsule  was  lacerated,  and 
the  lens  expressed  through  the  pupil. 

Beer  modified  the  operation  by  using  the  triangular  knife 
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whicli  bears  his  name.  The  point  of  this  was  introduced  into 
the  cornea  level  with  its  horizontal  meridian,  and,  while  the 
point  of  the  knife  was  carried  across  the  anterior  chamber  to 
make  its  exit  at  a  corresponding  point  on  the  other  side,  the 
edge  cut  its  way  out  at  the  sclero-corneal  junction,  thus  forming 
a  flap  which  corresponded  almost  exactly  with  the  lower  half  of 
the  cornea  (fig.  95).    The  flap  thus  formed  was  slightly  smaller 


Fig.  94.— Beer's  Knife.  Pig.  95. 


than  Daviel's,  and,  being  made  by  a  simple  cut,  allowed  of 
more  perfect  adaptation  of  the  parts. 

There  is  no  doubt  that  the  above  method  was  a  very  great 
advance  on  former  proceedings,  and  that  many  most  excellent 
results  were  obtained  by  it ;  indeed,  nothing  could  be  more 
perfect  than  a  flap  operation  which  succeeded  well :  after  the 
wound  had  healed  there  was  hardly  a  trace  of  its  existence  left 
upon  the  cornea,  and  the  pupil  retained  its  natural  size,  form, 
and  function ;  but  the  percentage  of  failure  was  very  high,  and 
this  was  in  great  part  due  to  faults  inherent  in  the  method. 

In  the  first  place,  the  nutrition  of  the  cornea  was  seriouslj^ 
imperilled  by  a  section  including  half  its  circumference ;  in  the 
second,  the  large  size  of  the  wound  predisposed  to  prolapse  of 
the  iris,  which  not  only  delayed  the  union  of  the  wound,  but 
by  its  adhesion  gave  rise  to  subsequent  inflammatory  trouble, 
such  as  iritis  and  irido-cyclitis.  The  iris  itself  was,  moreover, 
necessarily  contused  by  the  passage  of  the  lens  through  the 
pupil,  and  this  was  often  followed  by  iritis,  which  led  to  closure 
of  the  pupil  by  lymph. 

Some  of  these  dangers  were  lessened  by  Jacobson,  who 
made  the  section  in  the  sclerotic  concentric  with 


the  cornea,  thus  carrying  it  through  vascular 
tissue,  while,  owing  to  the  larger  circumference 
of  the  globe  here,  the  same  length  of  incision  was 


obtained  without  carrying  its  extremities  as  high  gg 
as  the  horizontal  meridian  (fig.  96).    It  is  doubtful 
whether  to  Mooren  or  to  Jacobson  should  be  ascribed  the  credit 
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of  adding  an  iridectomy,  thus  obviating  effects  of  contusion  of 
the  iris  and  preventing  its  prolapse. 

Undoubtedly  the  most  important  modification  since  the  in- 
troduction of  the  operation  of  extraction  is  that  which  constitutes 
Von  Graefe's  operation.  The  principle  of  his  operation  is,  that 
the  section  should  be  as  near  an  approach  to  a  straight  line  as 
possible,  since  a  linear  wound  allows  of  a  more  perfect  co- 
aptation than  a  flap;  that  the  wound  should  by  preference  be 
entirely  in  the  sclerotic  ;  and  that  an  iridectomy  should  form 
part  of  the  operation. 

Since  the  wound  must  have  a  minimum  extent  of  10  mm., 
and  the  ciliary  body  must  be  avoided,  the  direction  of  a  '  linear  ' 
section  which  is  to  be  wholly  in  the  sclerotic  allows  of  compara- 
tively little  vai'iation. 

Von  Graefe's  linear  operation. — 1.  The  incision  is  made 
with  the  right  hand  for  the  right  eye,  and  the  left  hand  for  the 
left  eye,  the  surgeon  standing  behind  the  patient's  head. 

The  eyelids  are  kept  open  by  means  of  a  stop-speculum. 
There  are  several  varieties  of  this  instrument.  The  form  I  prefer 
for  this  operation  is  that  shown  in  fig.  97.  It  is  curved  in  such 
a  manner  as  not  to  impede  the  movement  of  the  instruments 


Fig.  97. — Spring  Stop  Speculum, 


used,  and  its  outer  end,  being  well  behind  the  plane  of  the  eye, 
can,  if  necessary,  be  held  by  an  assistant  without  interfering 
with  the  operator. 

Noyes'  specula  (fig.  98)  are  also  admirably  adapted  for 
cataract  extraction. 

Still  better  than  the  speculum  is  the  separation  of  the  lids 
by  the  fingers  of  a  good  assistant.  The  speculum  undoubtedly 
holds  the  lids  well  apart,  but  it  also  affords  a  fulcrum  by  which. 
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if  the  patient  should  make  a  violent  attempt  to  close  the  lids, 
the  vitreous  is  more  likely  to  be  extruded  by  the  vis  a  tergo. 


Fig.  98.— Noyes'  Specula  (right  and  left). 

Mr.  Anderson  Critchett  ^  prefers  to  elevate  the  upper  lid  by 
means  of  his  own  finger,  which  he  does  with  the  third  finger 


Fig.  99. — Nature's  Speculum  (Anderson  Critchett). 

of  the  hand,  holding  the  fixation  forceps  as  shown  in  fig.  99.  He 
claims  for  this  method  that  he  can  raise  the  lid  sufiiciently  for 

'  Trans.  Soo.  Franqaise  d'  OpMalmologie,  188fi,  p.  320. 
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the  incision  without  causing  cliscomfort  to  the  patient,  and  that 
in  the  event  of  any  involuntary  spasmodic  contraction  on  the 


13 

■  (|oj| 

Fig.  100.— Fixation 
Forceps. 


Fig.  101.— Forceps 
for  seizing  the 
Sclerotic. 


Fig.  102.— Graefe's 
Linear  Cataract  Knife. 


part  of  the  patient,  he  can  relax  the  lid  immediately  and  so 
prevent  the  calamity  of  losing  the  vitreous  humour. 

The  globe  must  be  held  steady,  and  kept  under  the  control 
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of  the  operator  by  some  fixation  instrument.  The  conjunctiva 
may  be  seized  just  below  the  position  of  the  counter-puncture 
with  the  fixation  forceps  (fig.  100),  or  when  the  conjunctiva  is 
extremely  brittle  tlie  sclerotic  may  be  held  by  means  of  a  forceps 
with  sharper  and  longer  teeth  (fig.  101). 

Graefe's  linear  knife  (fig.  102),  held  with  its  cutting  edge 
upwards,  is  then  made  to  enter  the  sclerotic  at  a  point  2  mm. 
below  the  upper  tangent  of  the  vertical  meridian,  and  lying 
on  the  tangent  of  the  transverse  meridian  of  the  cornea  (a, 
fig.  1 03),  and  to  penetrate  the  anterior  chamber ;  the  direction 
of  this  penetration  should  be  downwards  and  inwards  towards  c 
(fig.  103)  ;  the  knife  having  reached  the  middle  of  the  anterior 
chamber,  its  handle  is  slightly  depressed,  and  its  point  pushed 
steadily  onwards  in  front  of  the  plane  of  the  iris,  so  that  a 

counter-puncture  may  be  made  in  the  sclerotic 
B/^^'^^'^'^X  ^  on  the  opposite  side,  in  a  position  which  should 
j     correspond  to  that  of  the  puncture  (b,  fig.  103). 

The  knife  is  now  made  to  cut  its  way  upwards 
Fig.  103.      through  the  sclerotic,  and  to  come  out  at  the 

junction  of  this  with  the  upper  part  of  the  cornea  ; 
this  is  efi'ected  by  pushing  the  knife  steadily  onwards  as  far 
as  its  heel,  and  then  withdrawing  it  if  necessary. 

The  above  incision,  which  ordinarily  goes  by  the  name  Von 
Graefe's,  has  been  slightly  modified  by  different  operators,  and  Yon 
Graefe  himself  at  one  time  made  the  puncture  and  counter-puncture 
somewhat  higher,  so  that  the  height  of  the  flap  was  less  than  a  milli- 
metre. '  In  nearly  all  modern  operations  the  pimcture  and  counter- 
puncture  are  made  a  little  beyond  the  sclero-corneal  junction,  and 
from  2  to  4  mm.  below  the  horizontal  tangent  of  the  cornea  ;  the  line 
of  incision  in  some  instances  ti'averses  the  cornea,  in  others  the 
sclero-corneal  junction  or  the  sclerotic. 

Fig.  104  represents  the  modification  of  this  incision  which,  in 
suitable  cases,  I  usually  adopt  in  my  own  practice.  The  puncture 
and  counter-puncture  are  made  in  the  sclerotic  at  1  mm.  from  the 
edge  of  the  cornea  and  3  mm.  below  its  upper  tangent  ;  the  knife  is 
brought  out  through  the  sclerotic  immediately  above  the  cornea — a 
little  nearer  to  this  than  is  represented  by  the  dotted  line. 

>  Vide  letter  of  Von  Graefe  in  De  Wecker's  CUrurgie  Oculaire,  p.  30. 
Paris,  1879. 
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2.  The  iiidedomy.— The  fixation  forceps  are  now  entrusted 
to  the  assistant,  who,  if  necessary,  will  seize  the  ocular  conjunc- 
tiva below  the  cornea,  and  gently  rotate  the  globe  downwards. 
The  iris  is  now  to  be  seized  with  the  iris  forceps  near  its  pupil- 
lary edge,  and  drawn  just  outside  one  angle  of  the  wound; 
whilst  slight  traction  is  made  upon  it  in  this  position,  a  snip  is 
made  through  its  outer  part  with  the  iris  scissors  in  the  manner 


Tig.  104. — The  Incision. 


shown  in  fig.  105  ;  the  portion  of  the  iris  held  in  the  forceps  is 
then  gently  drawn  across  to  the  other  angle,  and  the  excision 
completed  as  near  to  the  periphery  as  possible.  In  doing  this, 
if  the  anterior  conjunctival  flap  should  be  long,  it  must  be 
turned  forwards  on  to  the  cornea,  otherwise  it  may  be  caught 
in  the  forceps  with  the  iris,  and  so  interfere  with  the  excision 
of  the  latter. 

There  has  been  considerable  controversy  of  late  years  concern- 
ing the  performance  of  iridectomy  in  the  operation  of  cataract  ex- 
traction. There  are  many  surgeons  who  consider  iridectomy  an 
unnecessary  mutilation  of  the  eye,  an  operation  more  liable  to 
set  up  iritis,  and  attended  with  optical  defects,  besides  being  a 
permanent  disfigurement.  On  the  other  hand,  there  are  power- 
ful advocates  for  the  performance  of  iridectomy,  and  these  hold 
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to  the  opinion  that  cataract  extraction  with  iridectomy  is  an 
operation  less  likely  to  be  attended  with  prolapse  of  the  iris, 
that  the  delivery  of  the  lens  is  brought  about  with  less  force,  so 
that  the  iris  is  not  subjected  to  bruising,  and  the  fear  of  subse- 
quent destructive  irido-cyclitis  is  reduced  to  a  minimum. 

This  is  not  the  place  to  discuss  the  points  in  favour  of  or 


Fig.  105.— The  Iridectomy. 

against  such  a  proceeding,  beyond  mentioning  that  the  optical  re- 
sults without  iridectomy  are  decidedly  better  should  the  operation 
be  successful ;  but  the  liability  to  anterior  synechise,  prolapse  of 
iris,  involvement  of  iris  in  the  cicatrix,  with  irido- 
cyclitis, is  sufficient  to  raise  doubts  as  to  which  is 
the  better  procedure. . 

Some  surgeons  prefer  to  instil  eserine  into 
the  eye  before  and  after  either  operation,  others 
do  not. 

3.  The  laceration  of  the  anterior  capsule  of  the 
lens  is  the  next  step  in  the  operation.  The  ope- 
rator again  takes  the  fixation  forceps  in  order  to 
steady  the  globe  with  his  left  hand.  The  cys- 
titome  (fig.  106)  is  now  to  be  gently  passed,  on 
the  flat,  into  the  anterior  chamber ;  when  it  has 
reached  the  lower  edge  of  the  pupil  its  point  is 
rotated  towards  the  capsule,  and  the  latter  is 
freely  lacerated  from  below  upwards,  and  from 
side  to  side.  In  doing  this  it  should  be  remem- 
bered that  the  capsule  tears  very  readily,  and  that  any  undue 
pressure  on  the  lens  may  cause  it  to  sink  back  into  the  vitreous. 


Fig.  106. 
Curette  and 
Cystitome. 
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The  elasticity  of  the  capsule  causes  the  rent  made  by  the  cysti- 
tome  to  gape  widely,  so  that  if  properly  incised  a  large  triangular 
gap  is  left  after  the  lens  has  been  removed. 

4.  The  removal  of  the  lens— In  order  to  bring  about  the 
delivery  of  the  lens,  the  eye  must  be  gently  rotated  downwards 
by  means  of  the  fixation  forceps;  it  will  also  greatly  assist 
the  operator  if  the  patient  will  endeavour  to  look  downwards  at 
the  same  time.  Then  by  the  exercise  of  gentle  pressure  with 
the  back  of  the  curette  upon  the  sclerotic  and  on  the  lower  part 
of  the  cornea,  the  edges  of  the  wound  are  seen  to  become 


Fig.  107.— The  Eemoval  of  the  Lens. 


separated,  and  the  upper  edge  of  the  lens  presents  itself  between 
them ;  by  the  continuation  of  this  pressure  in  a  direction  back- 
wards, and  slightly  upwards,  the  lens  is  presently  expelled 
(fig.  107).  In  immature  cataracts  there  will  still  remain  a  certain 
amount  of  soft  cortical  matter  within  the  anterior  chamber. 
This  should,  as  far  as  possible,  be  evacuated  at  once.  Its  re- 
moval may  be  attempted  before  the  speculum  is  taken  out,  by 
gently  stroking  the  cornea  with  the  back  of  the  curette  from 
below  upwards  towards  the  wound ;  or,  the  speculum  being  re- 
moved, a  similar  pressure  may  be  made  upon  the  cornea  through 
the  lower  lid,  either  with  the  finger  or  the  back  of  the  curette. 
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Either  one  or  other  of  these  methods  of  coaxing  out  the  soft 
matter  should  be  repeated  until  the  pupil  looks  quite  black 
and  clear. 

Operation  without  Iridectomy.— The  incision  is  made  in  the 
same  way  as  in  the  former  operation.  The  capsule  of  the  lens 
is  now  lacerated  through  the  pupil,  and  pressure  is  made  below 
at  the  sclero- corneal  junction,  so  as  to  tilt  the  upper  margin  of 
the  lens  forwards  and  to  cause  the  cataract  to  present  througli 
the  wound ;  as  it  does  so  it  pushes  the  iiis  out  with  it,  which 
either  retracts  by  itself  or  has  to  be  carefully  replaced  with  the 
curette. 

Irrigation  or  wasldng  out  the  anienor  chamber.  Should 
lens  matter  still  remain  after  the  careful  nettoijage  just  de- 
scribed, it  is  well  to  have  recourse  to  irrigation.  This  method 
was  introduced  a  few  years  since  by  M'Keown,  who  uses  a  glass 
syringe  with  a  flat  nozzle.  Wickerkiewitz  of  Posen  has  con- 
structed an  elegant  glass  bottle  provided  with  a  platinum  nozzle, 
in  which  water  can  be  sterilised  by  boiling  and  then  allowed  to 
cool  to  100°  Fahr.  before  iising.  It  is  called  '  Undina '  from  its 
shape,  which  is  similar  to  that  of  Undina's  lamp.  It  is  made 
by  Luer  of  Paris. 

I  have  of  late  adopted  a  similar  method  for  getting  rid  of 
soft  lens  matter  from  the  anterior  chamber.  Distilled  water  is 
boiled  as  above  and  used  at  the  same  temperature  as  the  body. 
The  apparatus  is  very  simple :  an  ordinary  Bohemian  flask  with. 
a  perforated  india-rubber  cork,  a  central  perforation  for  the 
thermometer,  and  two  others  supporting  two  glass  tubes — one 
bent  at  an  obtuse  angle  and  only  pi^ojecting  a  short  distance 
below  the  cork,  the  other  bent  at  an  acute  angle  extending 
down  into  the  sterilised  water  and  connected  ■  outside  with  a 
broad  flat  nozzle  by  means  of  india-rubber  tubing.  The  water 
is  made  to  run  out  through  the  nozzle  by  blowing  down  the 
short  tube ;  the  bottle  can  be  raised  or  lowered  according  to  the 
pressure  required.  It  is  of  great  importance  to  have  the  nozzle 
thoroughly  aseptic ;  it  should  be  made  of  platinum,  and  must 
be  heated  in  a  spirit-flame  each  time  before  it  is  used.  The 
soft  sticky  lens  matter  is  easily  washed  out,  leaving  behind  the 
desired  black  pupil.  I  have  not  seen  any  harm  attend  irriga- 
tion, and  its  value  cannot  be  doubted. 
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Finally,  the  condition  of  the  edges  of  the  wound  has  to  be 
looked  after.  It  is  a  good  plan  to  pass  the  iris  forceps  between 
the  lips  of  the  wound  and  gently  grope  for  any  tags  of  trans- 
parent capsule  that  may  be  between;  if  such  be  found  they 
should  be  snipped  off  with  the  scissors.  If  any  portion  of  the 
iris  is  prolapsed  into  or  through  the  wound  it  must  be  simi- 
larly treated.  The  curette  or  tortoise-shell  spatula  should  then 
be  passed  just  within  the  wound,  so  as  to  push  the  iris  into 
its  proper  position,  and  to  procure  an  exact  adaptation  of  its 
flaps. 

Accidents  and  immediate  complications. — 1.  Wrong  position 
of  the  hiife. — The  operator  may  find  that  he  has  introduced  the 
blade  of  the  knife  with  its  cutting  edge  downwards  instead  of 
upwards.  In  case  of  this  awkward  occurrence,  the  knife  must 
be  cautiously  withdrawn  on  the  flat,  so  as  to  avoid  much  fescape 
of  aqueous.  If  only  a  little  aqueous  is  lost,  the  knife  may  be 
again  introduced,  either  at  the  same  place,  or  by  making  a  fresh 
puncture;  if  much  aqueous  has  escaped,  so  that  the  iris  is 
bulging  forwards  against  the  cornea,  the  operation  had  better 
be  postponed  for  a  day  or  two,  in  order  to  allow  time  for  re- 
secretion  of  the  aqueous ;  without  this,  the  reintroduction  of  the 
knife  and  the  upward  section  would  cause  an  irregular  wound 
of  the  iris. 

2.  Early  escape  of  the  aqueous. — Having  completed  the 
puncture  and  the  counter-puncture,  the  section  must  not  be 
made  too  slowly,  or  the  aqueous  escapes,  and  the  iris  bulges 
forwards  in  contact  with  the  edge  of  the  knife  before  the  section 
is  finished.  Such  an  accident  is  not  very  serious,  as  the  iris 
is  often  excised  in  the  second  stage  of  the  operation;  it  is, 
nevertheless,  much  better  to  avoid  its  occurrence,  because  the 
outline  of  the  excised  portion  of  iris  is  likely  to  be  jagged  and 
less  regular  than  when  the  iridectomy  is  made  with  scissors, 
and  the  haemorrhage  is  likely  to  be  troublesome  in  the  succeed- 
ing steps  of  the  operation. 

As  the  counter-pimcture  is  being  made,  there  is  sometimes 
a  rush  of  aqueous  into  the  sub-conjunctival  tissue,  which  causes 
the  conjunctiva  in  its  vicinity  to  start  forwards  in  the  form  of 
a  bladder,  which  obscures  the  point  of  the  knife.  This  should 
be  disregarded,  and  the  blade  of  the  knife  pushed  on  in  the 
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liorizontal  direction  until  its  point  lias  passed  through  the  con- 
junctiva. 

3.  Hcemorrhage  into  the  anterior  cJiamher.— The  iridectomy 
is  liable  to  be  followed  by  hemorrhage  into  the  anterior  chamber. 
The  extravasated  blood  in  this  case  comes  partly  from  the  iris 
and  partly  from  the  vessels  in  the  neighbourhood  of  the  canal 
of  Schlemm ;  it  usually  ceases  to  flow  after  a  few  seconds,  and 
should,  if  possible,  be  evacuated  from  the  anterior  chamber 
before  the  operation  is  proceeded  with.  This  can  usually  be 
effected  by  gentle  pressure  with  the  end  of  the  curette  upon  the 
posterior  flap  of  the  wound,  or  by  gently  stroking  the  cornea 
from  below  upwards  with,  the  back  of  the  same  instrument. 
If  th.e  bleeding  cannot  be  stopped  by  these  means  the  operation 
must  be  proceeded  with.  Although,  the  capsule  is  now  rendered 
invisible  by  the  existing  blood  in  the  anterior  chamber,  it  must 
still  be  lacerated  with  the  cystitome,  and  the  lens  removed  in 
the  ordinai-y  way.  It  usually  happens  that  the  blood  escapes, 
and  the  haemorrhage  ceases  with  the  removal  of  the  lens. 

4.  jDiJficulty  in  removing  the  cataract. 

(a)  Dislocation  of  the  lens. — If  too  great  pressure  is  made  on 
tbe  lens  in  lacerating  the  capsule,  and  occasionally  without  any 
fault  of  the  operator,  the  suspensory  ligament  is  ruptured ;  the 
lens  may  then  immediately  sink  back  into  the  vitreous,  or  this 
may  not  occur  until  pressure  is  made  with  the  view  of  causing 
it  to  present ;  vitreous  at  the  same  time  often  appears  in  the 
wound.  This  backward  dislocation  of  the  lens  is  one  of  the 
most  serious  accidents  that  can  occur  during  a  cataract  operation  ; 
not  a  moment  should  be  lost  in  passing  the  large  scoop  (fig.  108) 
into  the  eye  well  behind  the  presumed  position  of  the  lens,  and 
attempting  to  extract  it  in  its  capsule.  A.  good  deal  of  vitreous 
is  generally  lost,  but  if  the  lens  is  extracted  a  very  fair  result 
may  be  obtained. 

(h)  The  wound  may  he  too  small. — When  this  is  the  case  the 
edge  of  the  cataract  may  be  seen  to  present  between  the  lips  of 
the  wound,  whilst  the  remainder  refuses  to  come  through. 
Under  such  circumstances,  the  section  had  better  be  enlarged 
at  one  or  both  extremities  with  small  blunt-ended  scissors  ;  by 
making  extreme  pressure  on  the  globe,  the  contusion  of  the  iris 
and  cornea  in  the  region  of  the  wound  is  liable  to  be  followed  by 
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inflnmmatory  trouble  ;  while/by  endeavouring  to  squeeze  the  lens 
through  too  small  an  opening,  its  cortical  portion  is  likely  to  be 
scraped  off  and  to  remain  in  the  eye.  Sometimes  when  the  lens 
appears  in  the  wound  during  the  pressure  with  the  curette,  its 
exit  may  be  facilitated  by  gentle  leverage.  The  assistant  may  be 
able  to  make  traction  upon  it  by  means  of  the  cystitome,  or  a 
small  hook. 

(c)  The  ccvpside  may  he  incompletely  lacerated. — Here  the 
lens  does  not  present  at  all.  The  use  of  the  cystitome  must  be 
repeated. 

5.  JEscajje  of  vitreous. — This  is  always  a  serious  complication, 
but  the  consequences  of  its  occurrence  will  depend  in  a  great 
measure  on  whether  it  occurs  before  or  after  the  extraction  of 
the  lens.  The  presence  of  vitreous  in  the  wound  is  indicated  by 
the  appearance  of  a  perfectly  transparent  viscid  fluid. 

(a)  If  it  occurs  before  the  extraction  of  the  lens,  it  is  gene- 
rally due  either  to  the  counter-puncture  having  been  made  too 
far  from  the  cornea,  or  to  too  great  pressure  having  been  em- 
ployed, either  with  the  cystitome  or  with  the  curette  in  the 
fourth  stage.    If  the  vitreous  is  abnormally 

fluid,  this  acts  as  a  predisposing  cause.  How- 
ever the  escape  is  caused,  all  pressure  must 
be  at  once  abandoned,  the  speculum  removed, 
and  a  lid  retractor  (fig.  27)  substituted  for  it ; 
the  lens  should  then  be  immediately  removed 
with  the  scoop  ;  if  it  still  lies  in  its  capsule, 
the  latter  must  be  removed  with  it. 

The  scoop  (fig.  108)  is  introduced  through 
the  wound,  and,  with  slight  lateral  move- 
ments, directed  downwards  and  slightly  back- 
wards, so  as  to  insinuate  it  behind  the  lens  ; 
when  it  has  reached  the  lower  edge  of  the 
latter,  its  handle  is  slightly  depressed,  and  it 
is  then  gradually  withdrawn,  with  the  hope 
of  bringing  out  the  cataract  at  the  same  time.  In  case  of  failure 
in  this  method  of  traction,  further  attempts  must  be  made  so 
long  as  the  cataract  can  be  seen  through  the  cornea. 

(b)  If  vitreous /oHoiys  the  escape  of  the  lens,  it  is  due  either 
to  the  latter  having  been  expressed  too  suddenly,  to  a  weak 
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Fig.  108.— Critchelf  s 
Cataract  Scoop. 
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posterior  capsule,  or  to  compression  of  tlie  globe  by  contraction 
of  the  ocular  muscles,  ^^ety  sliglit  spasm  of  these  muscles  is  liable 
to  cause  evacuation  of  the  greater  part  of  the  vitreous  humour. 
In  order  to  prevent  this  accident,  the  eye  should  be  kept  tho- 
roughly under  the  influence  of  cocaine,  for,  besides  its  anassthetic 
properties,  cocaine  widens  the  palpebral  aperture  and  temporarily 
arrests  involuntary  nictitation  (blinking).  The  retractor  should 
either  be  held  forwards  by  the  assistant  or  removed  altogether, 
and  the  lids  then  separated  by  the  surgeon's  fingers.  If  vomiting 
occur  at  this  period,  the  eyelids  must  be  closed,  and  supported 
by  a  compress  of  cotton-wool  during  its  continuance.  The  treat- 
ment to  be  followed  will  depend  on  the  amount  of  vitreous  which 
escapes.  If  this  is  considerable,  not  a  moment  should  be  lost  in 
removing  the  speculum,  closing  the  eyelids,  and  applying  the 
pad.  If  only  a  small  bead  presents  in  the  wound,  separating  its 
lips,  the  projecting  part  may  be  cut  away  with  scissors ;  many 
operators,  however,  prefer  to  close  the  eye  at  once  and  trust  to 
the  vitreous  falling  back. 

The  loss  of  a  small  quantity  of  vitreous  is  not  a  sei'ious  acci- 
dent ;  in  fact,  a  considerable  portion  may  escape  without  any 
■immediate  ill  effects :  but  this  is  often  followed  at  a  later  date  bv 
detachment  of  the  retina,  and  consequent  loss  of  vision. 

The  after-treatment  ami  revwte  comjMcations  of  cataract  ex- 
traction.— No  food  or  drink  should  be  given  during  the  three 
hours  following  the  operation ;  should  thirst  be  complained  of, 
the  patient  may  be  allowed  to  suck  a  small  lump  of  ice.  After 
that  time  a  light  diet  of  beef-tea,  fish,  and  farinaceous  food  maj'- 
be  given.  After  the  first  day  ordinary  nourishing  diet  may  be 
ordered.  Alcoholic  drinks  are  not  necessarv,  but  a  small  allow- 
ance  may  be  made  if  the  patient  cannot  sleep  without  it. 

Immediately  after  the  operation,  the  eye  should  be  gently 
bathed  with  a  weak  antiseptic  solution  (F.  9)  and  closed,  a 
little  iodoform  ointment  smeared  along  the  edges  of  the  lids, 
and  a  light  dressing  in  the  form  of  Gamgee  tissue  applied.  The 
bandage  should  on  no  account  exert  pressure  upon  the  eyeball, 
but  on  the  forehead ;  to  turn  it  twice  round  the  head  is  quite 
sufficient,  and  then  it  should  be  pinned  on  either  side  to  a  night- 
cap, with  which  the  patient  should  be  adorned,  whether  male  or 
female,  before  the  operation.    The  room  must  be  darkened.  The 
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dressing  sliould  be  carefully  removed  once  daily,  and  the  margins 
of  the  lids  bathed  with  a  tepid  antiseptic  lotion  (F.  9),  and  the 
lower  lid  should  then  be  slightly  depressed  with  the  finger,  in 
order  to  give  vent  to  any  pent-up  tears.  If  iridectomy  has  been 
performed,  it  is  not  necessary  to  examine  the  eye  until  the  third 
or  fourth  day,  so  long  as  pain  and  swelling  of  the  lid  are  absent, 
since  active  iritis  or  any  other  serious  complication  would  not 
present  itself  without  such  warning.  On  the  other  hand,  if 
iridectomy  has  not  been  performed  it  is  absolutely  necessary  to 
examine  the  eye  on  the  morning  following  the  operation,  inas- 
much as  prolapse  of  the  iris  may  have  occurred,  necessitating 
immediate  iridectomy.  If  this  operation  be  deferred,  plastic 
iritis  will  almost  certainly  ensue,  the  wound  will  not  heal 
properly,  and  when  healed  will  so  clamp  the  iris  (for  it  will  be 
impossible  to  disentangle  it  at  a  later  date)  that  recurrent  attacks 
of  iritis  may  occur  and  threaten  sympathetic  trouble. 

On  the  third  day,  under  favourable  circumstances,  the  patient 
may  be  dressed  and  allowed  to  rest  for  a  few  hours  on  a  couch, 
or  on  the  outside  of  his  bed,  the  eyes  being  still  bandaged,  and 
the  room  darkened.  On  the  twelfth  day  the  bandage  may  be 
replaced  by  a  large  black  shade  covering  both  the  eyes,  so  that 
the  latter  may  be  well  protected  from  direct  rays  of  bright  light. 

About  the  eighteenth  day  the  shade  may  be  substituted  by 
the  use  of  protective  spectacles  of  dark  neutral  tint.  About  the 
sixtieth  day  the  eyes  will  have  reached  the  maximum  of  visual 
acuteness  ;  they  may  then  be  tested  for  correcting  glasses.  The 
removal  of  the  crystalline  lens  has  rendered  the  eye  exceedingly 
hypermetropic,  and  has  destroyed  the  power  of  accommodation. 
The  patient  will  therefore  require  two  pairs  of  convex  spectacles 
for  the  purposes  of  distinct  vision — the  one  to  render  the  eye 
emmetropic,  which  will  enable  him  to  see  all  distant  objects 
clearly,  and  the  other  to  render  him  myopic,  so  that  he  may  be 
able  to  read  small  print,  or  to  do  fine  work  at  20  to  40  cm.  from 
the  eyes.  The  strength  of  the  lenses  required  for  these  purposes 
is  usually  about  10  D  and  14  D  respectively:  but  this  will  of 
course  vaiy  with  the  refraction  of  the  eye.    See  Eefraction. 

The  use  of  the  spectacles  should  be  gradually  acquired,  com- 
mencing with  about  half  an  hour's  practice  daily. 

The  slight  pain  arising  from  the  operation  usually  ceases  in 
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the  course  of  a  few  hours;  its  disappearance  is  always  a  favour- 
able sign.  On  removing  the  dressings  during  the  first  few  days 
succeeding  the  operation,  the  absence  of  pain  in  and  around  the 
eye,  of  any  swelling  of  the  lids,  and  of  any  muco-pus,  is  always 
a  guarantee  that  the  eye  is  progressing  favourably.  If  the  pain 
should  reappear  towards  night,  and  become  continuous  so  as  to 
render  the  patient  restless  and  uncomfortable,  some  sedative 
should  be  given,  in  order  to  procure  sleep. 

The  occurrence  of  severe  and  increasing  imin  during  the 
first  few  days  after  the  operation  is  always  an  indication  of  some 
complication  in  the  process  of  healing,  and  is  sufficient  to  justify 
an  immediate  examination  of  the  eye.  The  lids  should  be  care- 
fully separated,  and  the  wound  and  other  parts  examined  by 
means  of  focal  illumination  from  the  light  of  a  single  candle. 
We  may  thus  find  that  the  pain  is  simply  due  to  accumulated 
tears,  to  an  inverted  lower  lid,  to  the  presence  of  eyelashes 
within  the  palpebral  aperture,  or  to  the  commencement  of  in- 
flammation. 

Iritis  is  an  extremely  common  complication  of  cataract 
extraction ;  if  an  iridectomy  has  formed  part  of  the  operation 
its  effects  are  less  injurious  than  in  the  old  flap  operation, 
where  it  was  the  cause  of  a  large  percentage  of  failures.  The 
most  usual  time  for  it  to  come  on  is  about  the  fifth  day  after 
the  operation.  Its  presence  is  indicated  by  photophobia,  oedema 
of  the  lids,  pain,  and  chemosis  ;  there  is  also  copious  lachryma- 
tion,  but  not  muco-purulent  discharge;  the  cornea  may  be 
clear,  but  the  aqueous  is  turbid,  and  the  iris  somewhat  changed 
in  colour.  In  such  a  case  a  few  leeches  should  be  applied  to 
the  temple,  1  per  cent,  solution  of  atropine  dropped  into  the 
eye  three  or  four  times  daily,  and  the  eye  kept  constantly 
warm  by  a  large  pad  of  cotton-wool  over  the  closed  eyelids. 
The  extent  of  the  damage  the  iritis  may  bring  about  will 
chiefly  depend  upon  the  amount  of  plastic  exudation  thrown 
out  into  the  pupillary  area  ;  the  amount  of  this  exudation  may 
be  so  great  as  to  cause  occlusion  of  tlie  old  pupil  and  of  the 
new  one  formed  by  the  iridectomy ;  the  thick  membrane 
thus  established  may  also  contract  and  draw  the  iris  up- 
wards towards  the  cicatrix,  so  as  to  diminish  and  displace 
the  pupil.    The  inflammation  may  also  extend  to  the  rest  of' 
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the  uveal  tract,  setting  up  cyclitis  or  choroiditis,  which  may 
lead  to  complete  loss  of  vision. 

Entanglement  of  the  iris  in  the  angles  of  the  wound  is  not 
uncommon  where  iridectomy  has  been  performed.  It  is  in- 
dicated by  the  presence  of  black  nodules  in  the  wound :  these 
are  of  variable  magnitude,  and  may  be  so  extensive  as  to  impede 
union,  and  even  to  form  small  cysts  within  the  cicatrix.  The 
entangled  iris  may  also  cause  serious  trouble  by  dragging  upon 
the  wound  during  contraction ;  this,  again,  may  retard  the 
healing  process,  and  is  often  the  cause  of  recurrent  iritis.  It 
may  further  be  the  means  of  setting  up  plastic  irido-cyclitis  in 
the  operated  eye  ;  and  this,  as  we  have  seen  (p.  189),  may  extend 
to  the  second  eye,  and  so  set  up  si/miKtthetic  ojMhcdmitis. 

The  means  of  preventing  this  entanglement  of  iris  at  the 
time  of  operation  have  already  been  pointed  out  (p.  334)  ;  some- 
times, however,  this  condition  supervenes  on  the  second  or 
third  day.  If  a  knuckle  of  iris  does  appear,  and  especially  it 
it  evinces  a  tendency  to  increase  in  size,  and  to  cause  irritation 
of  the  eye,  an  attempt  must  be  made  to  remove  the  prolapsed 
portion.  This  must  be  seized  with  forceps,  and  cut  off  level 
with  the  globe  by  means  of  iris  scissors.  The  eye  must  be 
kept  closed  with  a  light  compress  for  at  least  a  week  after  this, 
in  order  to  favour  the  consolidation  of  the  cicatrix.  Should 
there  be  a  recurrence  of  the  prolapse  afcer  the  operation,  it  can 
be  lightly  touched  from  time  to  time  with  nitrate  of  silver. 

Suppuration  is  attended  by  violent  and  increasing  pain  in 
and  around  the  eye,  by  swelling  of  the  eyelids,  chemosis,  and  a 
copious  muco-purulent  discharge.  It  may  commence  at  any 
time  during  the  first  few  days  followiog  the  extraction.  When 
the  lids  are  separated,  and  the  eye  examined  during  the  early 
stage,  the  ocular  conjunctiva  is  found  to  be  distended  with 
serum,  the  cornea  is  hazy,  and  the  edges  of  the  wound  present 
a  greyish-yellow  appearance,  indicating  the  formation  of  pup. 
Unless  this  process  can  be  immediately  checked,  it  will  extend 
to  the  whole  of  the  cornea,  to  the  tunica  vasculosa,  and  to  the 
vitreous,  thus  constituting  severe  panophthalmitis,  which  must 
terminate  in  the  destruction  of  the  globe.  No  time  must, 
therefore,  be  lost  in  endeavouring  to  reduce  the  inflammation. 
The  eyelids  should  be  widely  separated  and  the  discharge  well 
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washed  away  with  warm  water  four  or  five  times  daily  ;  after 
each  ablution  the  outsides  of  the  eyelids  and  surrounding  parts 
should  be  well  fomented  with  hot  water  for  at  least  an  hour ; 
between  the  fomentations  the  lids  should  be  closed,  and  com- 
pressed with  a  disc  of  lineii,  layers  of  absorbent  cotton-wool, 
and  a  bandage.  Good  nourishing  diet,  port-wine  or  brandy, 
quinine  or  bai'k  and  ammonia,  should  be  given  internally,  with 
opiates  if  necessary.  By  these  means  the  affection  may  take 
on  a  less  desti-uctive  form,  and  may  occasionally  be  arrested 
before  total  destruction  of  the  eye  has  taken  place. 

Intra-ocular  hcemorrhage  from  the  choroidal  or  retinal  vessels 
may  come  on  immediately  or  shortly  after  the  operation.  Its 
advent  is  marked  by  severe  pain  ;  the  globe  is  seen  to  be  filled 
with  blood,  which  escapes  through  the  wound  and  oozes  through 
the  dressings.  Such  an  eye  is  sure  to  be  lost,  and  may  require 
immediate  excision  on  account  of  the  pain  and  the  bleeding. 

Bpasmoclic  entropion  is  a  troublesome  complication  which  is 
apt  to  come  on  a  few  days  after  the  operation.  The  lax  state  of 
the  tissues  acts  as  a  predisposing  condition,  while  the  operation- 
wound,  and  possibly  the  compressing  bandage,  excite  contraction 
of  the  orbicularis  muscle.  Unless  this  condition  is  quickly  reme- 
died, the  irritation  set  up  by  the  inverted  lashes  of  the  lower  lid 
brushing  against  the  cornea  is  very  likely  to  lead  to  loss  of  the  eye. 

Treatment. — Sometimes  it  is  sufficient  to  substitute  a  large 
shade  for  the  bandage ;  if  this  is  ineffectual  or  undesirable,  the 
lid  should  be  drawn  down,  and  the  face  just  below  the  eye  well 
covered  with  a  film  of  contractile  collodion.  If  this  fails — and 
it  seldom  does  if  properly  applied — a  fold  of  skin  must  be  at 
once  excised,  as  described  on  p.  25. 

Cystoicl  degeneration  of  the  cicatrix  may  occur  after  the 
periphei'al  operation  with  iridectomy.  The  iris  is  usually  more; 
or  less  entangled  in  the  wound.  It  is  usually  due  to  a  glauco- 
matous condition  of  the  eye. 

Opague  capsule.    Secondary  pupillarij  membrane.  ' 

If  the  anterior  layer  of  the  capsule  of  the  lens  has  been  pro- 
IDerly  lacerated,  a  large  triangular  gap  generally  remains  ;  some- 
times, however,  owing  either  to  the  laceration  having  been 
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insufficient,  or  to  the  capsule  floating  back  over  the  pupil,  a 
layer  is  left  which  interferes  with  vision ;  sometimes  the  cap- 
sule is  so  transparent  that  it  can  only  be  seen  by  very  careful 
focal  illumination  or  by  the  use  of  the  ophthalmoscope  with  a 
+  20  D  lens ;  but  even  in  these  cases  it  causes  considerable 
interference  with  vision,  probably  because  it  is  always  slightly 
wrinkled.  In  other  cases  the  capsule  forms  an  opaque  meai- 
brane,  which  can  be  distinctly  seen  with  the  naked  eye. 
Occasionally,  a  pupil  which  was  quite  clear  at  the  time  of  the 
operation  and  some  weeks  later  subsequently  presents  a  capsu- 
lar opacity ;  in  such  cases  it  is  probably  always  the  anterior 
capsule  that  is  in  fault. 

The  membranes  which  form  in  the  pupil  as  a  consequence 
of  iritis  are  of  much  more  serious  importance.  They  are  gene- 
rally thick  and  tough ;  they  adhere  by  their  margins  to  the 
iris,  and  by  their  contraction  tend  to  narrow  the  area  of  the 
pupil. 

Treatment. — ^^No  operative  measures  must  be  had  recourse  to 
until  all  active  signs  of  inflammation  have  subsided. 

The  fine  membranous  opacities  formed  of  capsule  only  can 
be  readily  torn  through  with  cataract  needles  ;  for  this  purpose 
two  needles  should  always  be  used,  and  the  opening  made  by 
tearing  from  the  centre.  When  it  was  the  custom  only  to  employ 
a  single  needle,  some  traction  was  necessarily  made  upon  the 
ciliary  attachment  of  the  capsule,  and,  as  a  consequeiice  of  this, 
inflammatory  symptoms  frequently  followed.  To  Sir  William 
Bowman  is  due  the  credit  of  having  suggested  the  simple 
expedient  of  using  two  needles,  and  thus  avoiding  this  risk. 

For  the  tougher  membranes  formed  by  lymph,  or  lymph 
and  capsule,  needling  is  not  sufficient ;  in  the  first  place,  it  is 
difficult  in  such  a  case,  even  with  two  needles,  to  avoid  making 
some  traction,  and  if  inflammatory  symptoms  follow,  the  open- 
ing made  generally  gets  closed  by  fresh  lymph.  By  far  the 
most  effectual  proceeding  is  to  divide  the  membrane  and  the 
iris  with  scissors.  This  operation  is  called  iridotomij,  and  is 
described  on  p.  209. 

Dislocation  of  the  crystalline  lens  may  be  congenital,  spon- 
taneoas,  or  traumatic.  When  congenital  it  is  due  to  irregular 
or  imperfect  closure  of  the  choroidal  fissure,  and  to  deficient 
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formation  of  tlie  suspensory  ligamenb;  the  luxation  is  usually 
partial,  m  the  upward  and  outward  direction,  and  generally 
occurs  m  both  eyes.  When  sjmitcmeous,  it  is  usually  the  result 
of  pathological  degeneration  of  the  vitreous  humour,  and  of  the 
suspensory  ligament.  It  is  more  commonly  found  amongst 
diseases  in  which  these  structures  are  known  to  be  affected,  as 
m  sparkling  synchisis,  high  degrees  of  myopia,  staphyloma  of 
the  ciliary  region,  &c.  When  traumatic,  it  is  usually  the  result 
of  a  contusion  of  the  globe,  which  has  caused  rupture  of  the 
suspensory  ligament. 

Tlie  symiotoms  vary  with  the  extent  of  the  displacement. 
In  ixtrtial  dislocation,  by  using  the  ophthalmoscope  mirror 
the  edge  of  the  lens  can  be  seen  as  a  narrow  dark  line,  slightly 
curved,  crossing  the  peripheral  part  of  the  pupil.    The  appear- 
ance presented  by  the  lens  margin  is  quite  unmistakable,  and 
is  diagnostic  of  dislocation  of  the  lens,  as,  even  in  extreme 
dilatation  of  the  pupil,  it  can  never  be  seen  when  the  lens  is  in 
situ  {vide  figs.  1  and  2,  opposite  p.  306).    With  focal  illumina- 
tion (p.  93)  the  lens  can  often  be  distinguished  by  a  sort  of 
greyish  opalescence.    When  the  displacement  is  such  that  the 
edge  of  the  lens  extends  to  the  visual  field,  the  symptoms  are 
more  numerous  and  pronounced.    The  surface  of  the  iris  is  seen 
to  be  irregular,  one  part  being  more  or  less  bulged  forwards 
towards  the  cornea,  whilst  the  remainder  is  depressed ;  this  de- 
pressed portion  may  also  be  tremulous  when  the  eye  is  moved. 
A  tremulous  iris  (iridodonesis)  is  always  a  sign  of  a  dislocated 
lens,  whether  the  displacement  be  partial  or  complete.  Absence 
of  the  lens  is  not  always  attended  with  iridodonesis,  as  may  be 
noted  in  some  cases  of  cataract  extraction.    The  patient  often 
complains  of  monocular  diplopia.    The  visual  acuteness  is  also 
greatly  impaired,  the  oblique  position  of  the  lens  having  pro- 
duced irregular  astigmatism,  which  cannot  be  corrected  by 
spectacles.     The  power  of  accommodation  is  very  defective. 
When  the  pupil  is  fully  dilated  with  atropine  it  is  often  found 
that  by  using  a  stenopai'c  disc  the  double  vision  of  the  eye  is 
dispersed,  and  that  the  vision  is  different  when  the  slit  is  held 
in  front  of  the  partly  dislocated  lens  from  that  which  is  obtained 
when  it  is  held  in  front  of  the  part  where  the  lens  is  absent ; 
in  the  latter  position  the  eye  is  found  to  be  highl}^  hyper- 
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raetropic.  On  examining  the  fundus  with  the  ophthalmoscope, 
either  by  the  direct  or  indirect  method,  two  images  of  the  optic 
disc  and  retinal  vessels  are  seen ;  this  phenomenon,  as  well  as 
that  of  the  monocular  diplopia,  is  explained  by  tlie  fact  that  the 
i-ays  passing  through  the  lens  and  those  passing  outside  it  have 
different  foci. 

In  complete  dislocation  the  lens  falls  either  backwards  into 
the  vitreous  or  forwards  into  the  anterior  chamber.  In  dislo- 
cation into  the  vitreous,  this  substance,  being  more  liquid  than 
normal,  allows  the  lens  to  sink  to  the  bottom  of  the  chamber. 
In  this  new  position  it  gradually  becomes  opaque  ;  by  focal  illu- 
mination it  may  sometimes  be  seen,  and  with  the  ophthalmo- 
scope it  appears  as  a  dark  floating  mass  at  the  bottom  of  the 
cavity  when  the  eye  is  moved.  The  iris,  having  lost  the  sup- 
port of  the  lens,  falls  somewhat  backwards,  and  undergoes  a 
tremulous  motion  when  the  eye  is  moved.  The  refractive 
condition  of  the  eye  is  the  same  here  as  it  is  after  cataract 
extraction. 

In  dislocation  into  the  antenor  chamber  the  lens  in  its  cap- 
sule passes  forwards  through  the  pupil  and  becomes  wedged 
between  the  iris  and  the  back  of  the  cornea.  The  appearance 
presented  by  the  transparent  lens  in  the  anterior  chamber  is 
that  of  a  drojD  of  oil.  The  iris  is  pushed  backwards,  the  pupil 
somewhat  dilated ;  the  refraction  is  myopic  and  the  power  of 
accommodation  abolished.  The  lens  may  remain  for  some  time 
in  the  anterior  chamber  without  becoming  opaque,  and  without 
causing  pain ;  as  a  rule,  however,  it  gradually  becomes  opaque, 
is  attended  with  pain  in  and  around  the  eye,  and  with  more  or 
less  severe  plastic  inflammation  of  the  iris. 

When  dislocation  arises  from  an  injury  it  is  frequently 
accompanied  by  other  lesions,  such  as  rupture  of  the  choroid 
and  of  the  sclerotic ;  hemorrhage  may  also  take  place  either 
into  the  fundus,  or  into  the  anterior  chamber,  or  both.  Some- 
times the  lens  escapes  from  the  globe  altogether  through  a 
wound  in  the  sclerotic,  and  may  be  discovered  beneath  the 
ocular  conjunctiva. 

Treatment. — 1.  Wlten  the  luxation  is  iKtrtial  the  treatment 
which  should  be  adopted  will  depend  on  the  amount  of  displace- 
ment and  the  interference  with  vision.    When  vision  is  not 
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much  impaired,   and  the  lens  always  remains  in  the  same 
jDosition,  no  treatment  is  advisable-.     These  partial  luxations 
however,  often  become  complete,  the  lens  falling  forwards  into 
the  anterior  chamber  or  backwards  into  the  vitreous. 

When  the  displaced  lens  is  transparent  and  its  position  per- 
manent, but  vision  is  seriously  interfered  with,  some  improve- 
ment may  sometimes  be  obtained  by  making  an  artificial  pupil 
m  the  direction  towards  which  the  lens  is  displaced;  the  re- 
sults, however,  are  uncertain,  and  apt  to  be  disappointing. 

When  the  lens  is  opaque,  and  in  a  young  subject,  an  attempt 
may  be  made  to  get  rid  of  it  by  needling ;  but  in  a  person  over 
thirty-five  it  had  better  be  extracted  by  the  method  of  Graefe 
(p.  327). 

2.  When  the  dislocation  is  complete  the  lens  is  useless,  and 
its  presence  is  liable  to  cause  an  attack  of  glaucoma ;  hence  its 
removal  should  be  undertaken  when  this  can  be  done  without 
much  risk.  The  removal  of  the  lens  is  especially  indicated  in 
cases  in  which  inflammatory  symptoms  have  already  appeared. 
Unfortunately,  the  removal  of  the  lens  from  the  vitreous  involves 
so  great  a  loss  of  that  fluid,  while  the  difiiculty  in  extracting 
the  lens  is  so  great,  that  the  operation  is  attended  with  great 
difficulty  ;  an  attempt,  howevei-,  should  be  made  to  remove  it 
by  means  of  a  scoop  after  the  ordinary  incision  and  iridectomy. 
If  the  lens  cannot  be  delivered,  or  if  the  vitreous  is  all  lost 
during  the  operation,  it  is  better  to  eviscerate  the  globe  (p.  123) 
at  once,  and  so  save  the  patient  prolonged  suffering  and  risk  of 
sympathetic  trouble. 

When  the  lens  lies  in  the  anterior  chamber  it  may  be  re- 
moved either  by  needling  and  solution  or  by  linear  extraction  ; 
the  former  methods  are  only  adapted  for  children.  It  may  be 
necessaiy  to  remove  the  capsule  later  ;  this  can  be  done  by 
seizing  it  with  fine  forceps,  introduced  through  a  small  wound. 

In  performing  linear  extraction  in  these  cases,  it  should  be 
remembered  that  there  is  usually  no  separation  between  the 
aqueous  and  vitreous.  One  seiious  difficulty  of  the  operation  is 
the  liability  of  the  lens  to  slip  back  into  the  vitreous  chamber  ; 
hence  it  is  generally  desirable  to  have  the  pupil  conti-acted  by 
eserine,  and  to  fix  the  lens,  by  a  needle  passed  through  the 
cornea,  while  making  the  incision. 
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CHAPTER  XII. 

(9iY  TlfE  VITREOUS  HUMOUR. 

The  vitreous  body  or  hiimour  is  the  transparent  jelly-like  sub- 
stance which  occupies  the  whole  of  that  part  of  the  globe  which 
lies  behind  the  lens  and  its  suspensory  ligament.  The  crystal- 
line lens  rests  in  a  depression  on  its  anterior  surface,  and  the 
attachment  of  the  vitreous  to  the  posterior  capsule  is  firmer 
than  elsewhere.  Traversing  the  vitreous,  from  the  optic  nerve 
to  the  middle  of  the  posterior  capsule,  is  a  canal  of  about  2  ram. 
diameter — the  hyaloid  canal.  The  consistence  of  the  vitreous 
gradually  becomes  less  firm  as  age  advances ;  in  adult  life  it  is 
a  viscid  fluid,  somewhat  more  tenacious  than  the  uncoagulated 
white  of  egg.  Its  index  of  refraction  is  1-337,  and  therefore 
identical  with  that  of  the  aqueous  humour. 

Structure. — When  hardened  in  chromic  acid,  or  by  freezing, 
the  vitreous  shows  a  tendency  to  split  into  concentric  layers 
in  its  peripheral  portions,  while  the  central  part  shows  a  less 
marked  radial  striation.  The  lamellae  thus  formed  do  not, 
however,  as  far  as  is  known,  correspond  with  any  stiaictui"al 
arrangement  of  the  solid  constituents,  although  it  was  formerly 
thought  that  such  was  the  case.  In  the  recent  state  we  find  a 
perfectly  clear  homogeneous  matrix  containing  a  few  character- 
istic vitreous  cells  ;  these  are  of  a  roundish  shape,  somewhat 
larger  than  white  blood-corpuscles,  and  contain  one,  two,  or 
three  perfectly  transparent  vesicles  which  nearly  fill  up  the 
cavity.  In  the  peripheral  portions  of  the  vitreous,  stellate  and 
fusiform  cells  are  also  found,  which  contain  similar  round  trans- 
parent vesicles.  The  outline  of  the  cells  can  be  made  more 
apparent  if  a  portion  of  recent  vitreous  is  stained  in  a  weak 
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solution  of  logwood.  If  examined  on  the  warm  stage  these 
vitreous  cells  are  found  to  exhibit  amoebiform  movements. 

Muscae  volitantes.— Under  ordinary  conditions  the  cells  which 
float  m  the  vitreous  do  not  give  rise  to  any  visual  sensation 
although  shadows  must  be  thrown  by  them  upon  the  retina' 
This  IS  probably  because,  in  the  first  place,  the  mind  is  accus- 
tomed to  disregard  them  •  and,  secondly,  the  shadows  are  much 
less  defined  than  the  images  of  external  objects.  If,  however, 
the  light  enter  the  eye  in  an  unaccustomed  manner,  as  when  a 
strongly  diverging  pejicil  of  rays  is  employed,  as  is  the  case  in 
looking  through  a  pin-hole  aperture  held  close  to  the  eve,  they 
become  visible,  especially  if  the  eye  be  directed  to  a  large  white 
surface,  such  as  a  white  cloud,  so  that  there  are  no  other  retinal 
images  with  which  to  compare  them.  Occasionally,  owing  either 
to  hyperesthesia  of  the  retina,  or  to  an  error  of  refraction  which 
impairs  the  definition  of  the  retinal  images  of  all  objects,  the 
shadows  of  the  vitreous  cells  become  visible  by  ordinary  light, 
and  then  constitute  the  troublesome  symptom  known  as  muscas 
volitantes.  In  this  condition  the  vision  is  unimpaired,  but  the 
patient  is  often  much  alarmed  by  the  muscse,  which  he  looks  upon 
as  an  indication  of  impending  blindness.  In  reality  they  are 
of  no  importance  whatever,  except  in  so  far  as  they  indicate  the 
necessity  of  examining  for  any  errors  of  refraction,  and  improv- 
ing the  general  condition. 

Opacities  in  the  vitreous  may  be  floating  or  fixed.  The  free 
opacities  are  usually  multiple  and  of  small  size,  while  the  fixed, 
which  are  less  common,  are  more  often  single,  and  assume  the 
form  of  a  membrane.  Both  forms  are  usually  due  to  the  exuda- 
tion of  inflammatory  material,  and  are  genei'ally  secondary  to 
disease  of  the  ciliary  body  or  choroid.  Cases,  however,  are  fre- 
quently seen  in  which  no  cause  whatever  can  be  found  for  the 
opacities. 

In  order  to  ascertain  if  there  are  any  opacities  in  the  vitreous 
the  plane  mirror  should  be  employed ;  if  this  be  held  at  a  dis- 
tance of  8  or  10  inches  from  the  eye,  and  the  jDatient  move  the 
latter  successively  in  difiereiit  directions,  any  opacities  in  the 
vitreous,  unless  they  are  extremely  minute,  will  come  into  view  ; 
if  not  seen  by  this  method  the  mirror  should  be  held  quite  close 
to  the  eye,  and  convex  lenses  of  gradually  increasing  strength 
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■be  placed  behind  it,  so  that  different  parts  of  the  vitreous  are 
successively  brought  into  view,  from  the  deeper  to  the  more 
superficial  layers.  If  the  examiuation  be  conducted  in  this 
manner,  the  presence  of  vitreous  opacities  can  hardly  be  over- 
looked. 

Floating  oixtcities. — These  are  usually  of  very  small  size,  but 
occasionally  there  are  mixed  with  the  smaller  ones  a  few  of  larger 
size,  which  are  probably  formed  by  their  coalescence  ;  the  latter 
always  appear  black  when  viewed  with  the  ophthalmoscope,  be- 
cause they  intercept  the  light  reflected  from  the  fundus  ;  but  if, 
as  occasionally  happens,  an  opacity  is  sufiiciently  far  forwards 
to  be  seen  by  focal  illumination,  it  appears  white  or  greyish. 

The  fixed  membranous  opaciiies  usually  present  sufficient 
surface  to  reflect  light  thrown  into  the  eye,  and  so  appear  white  ; 
they  are  much  rarer  than  the  small  floating  opacities,  of  which 
they  are  probably  in  many  instances  a  further  develoj)ment. 
Occasionally  vessels  can  be  seen  running  on  them  for  a  short 
distance. 

Opacities  of  the  vitreous  are  met  with  in  the  following  con- 
ditions. In  myojna  of  hir/h  degree  complicated  luith  posterior 
sclero-choroidHis  we  frequently  find  flocculi  floating  about  in  the 
unnaturally  fluid  vitreous.  They  are  usually  few  in  number  ;  as 
a  rule  they  do  not  interfere  greatly  with  vision,  and  need  not 
give  rise  to  much  anxiety  ;  but  should  they  be  numerous  and 
the  vision  much  impaired,  a  guarded  prognosis  must  be  given, 
as  this  condition  may  be  the  forerunner  of  detachment  of  the 
retina.  In  choroiditis  where  the  pigmentary  layer  of  the  retina 
is  thick,  the  appearance  of  numerous  floating  opacities  in  the 
vitreous  is  sometimes  the  only  symptom  of  the  inflammation. 
In  severe  choroiditis  and  cyclitis  membranous  opacities  occasion- 
ally form,  which  completely  prevent  any  reflex  being  obtained 
from  the  fundus.  Syphilitic  retino-choroiditis  has  already  been 
mentioned  (p.  181)  as  being  accompanied  by  opacities  in  the 
vitreous. 

Degenerative  changes.  —  Abnormal  fluidity.  —  Occasionally, 
in  old  persons,  especially  if  they  are  myopic,  the  vitreous  be- 
comes unnaturally  fluid  without  any  other  morbid  change  being 
apparent  in  it ;  unless  there  are  floating  opacities  also,  this  con- 
dition cannot  be  diagnosed,  but  its  presence  may  complicate  the 
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operation  of  cataract  extraction  by  predisposing  to  an  escape  of 
vitreous. 

Synchysis  scintillans  is  the  term  applied  to  a  variety  of 
softening  of  tlie  vitreous,  in  which  a  number  of  brilliant  floating 
particles  are  observed.  When  the  ophthalmoscope  is  used  they 
look  like  floating  spheres  or  discs  of  gold  moving  in  all  direc- 
tions. They  are  extremely  numerous  in  the  anterior  layers  of 
the  vitreous.  When  the  pupil  is  dilated  they  can  be  seen  by 
the  oblique  focal  illumination,  as  well  as  by  the  ophthalmoscope. 
On  careful  examination  two  kinds  of  particles  may  be  seen  :  the 
one,  small  and  white,  composed  of  hjrosin ;  the  other,  larger  and 
more  lustrous,  consisting  of  cholesterin.  The  vitreous  is  usually 
rendered  so  opaque  by  the  existence  of  these  bodies  that  no 
detail  of  the  fundus  beyond  can  be  obtained.  The  aflection  is 
mostly  observed  in  old  people.  It  may  exist  for  some  time 
without  causing  great  visual  trouble. 

Foreign  bodies  occasionally  lodge  in  the  vitreous,  although 
more  often  they  are  either  arrested  in  the  lens,  or  pass  right 
through  the  vitreous  chamber.  The  crystalline  lens  also  may 
be  dislocated  backwards,  and  so  act  as  a  foreign  body.  When 
penetrating  the  eye  from  without,  the  foreign  body  is  usually 
surrounded  in  a  few  hours  by  cloudy  opacity,  which  may  become 
organised  into  a  cyst-like  casing ;  when  thus  encysted  it  may 
be  tolerated  for  an  indefinite  period  without  pain,  and  even  the 
vision  may  be  to  a  great  extent  restored.  As  a  rule,  however, 
no  such  favourable  condition  is  arrived  at,  but  we  find  one  of 
the  following  conditions :  (1)  Inflammation  and  abscess  of  the 
vitreous ;  (2)  localised  inflammation,  followed  by  contraction  of 
the  vitreous  and  detachment  of  the  retina,  with  final  atrophy  of 
the  whole  globe;  (3)  acute  inflammation  of  the  vitreous  may 
spread  to  the  surrounding  parts,  causing  panophthalmitis ;  (4) 
the  foreign  body  may  not  be  fix;ed  or  encysted,  but  may  remain 
for  some  time  visible  and  movable  in  the  vitreous  cavity ;  and 
whilst  in  this  condition  it  may  bring  on  a  glaucomatous  attack 
in  this  eye,  or  it  may  produce  sympathetic  inflammation  in  that 
of  the  opposite  side. 

TJte  treatment  must  vary  with  the  position  of  the  wound  and 
the  presence  of  other  complications,  such  as  hasmorrhage,  wound 
of  the  lens,  &c.    The  danger  of  sympathetic  trouble  in  the  other 
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eve  is  of  sncli  magnitude  that  it  is  imperative  either  to  remove 
the  offending  particle,  or  to  enucleate  the  eye  containing  it. 

The  eledro-macjnet. — When  the  foreign  body  consists  of  a 
portion  of  iron  or  steel,  the  electro-magnet  is  frequently  found 
to  be  of  great  service  in  its  removal  from  the  vitreous  cavity  as 
well  as  from  the  crystalline  lens,  the  iris,  and  other  parts  of  the 
eye.  The  practical  utility  of  this  instrument  has  been  amply 
proved  in  the  practice  of  Snell,^  Hirschberg,  McHardy,  Brad- 
ford, and  others.  The  instrument  (fig.  50)  consists  of  a  core  of 
soft  iron,  around  which  is  placed  a  coil  of  insulated  copper  wire ; 
the  whole  being  enclosed  in  an  ebonite  case.  At  one  end  are 
two  screws  to  receive  battery  connections,  at  the  other  end  the 
core  of  the  magnet  projects  in  such  a  manner  that  either  of  the 
nozzles  represented  in  the  figure  can  be  screwed  into  it.  The 
cases  in  which  the  electro-magnet  has  been  employed  most  suc- 
cessfully are  recent  accidents,  but  several  are  recorded  in  which 
a  good  result  was  obtained  even  after  a  lapse  of  a  considerable 
interval.  In  recent  cases  it  will  generally  be  well  to  introduce 
the  point  of  the  instrument  through  the  original  wound,  but  it 
will  sometimes  be  advisable  to  make  a  fresh  incision,  as  being 
more  conveniently  situated  for  reaching  and  removing  the  frag- 
ment ;  in  the  older  cases  a  new  puncture  will  be  required. 

If  the  particle  be  visible,  either  with  the  ophthalmoscoiDe  or 
by  focal  illumination,  the  needle  of  the  electro-magnet  may  be 
advanced  up  to  the  chip,  and  the  circuit  completed  when  the 
point  of  the  instrument  is  in  close  proximity  to  it.  For  dia- 
gnostic purposes,  also,  the  electro-magnet  is  of  service.  For 
instance,  if  a  body  be  detected,  but  its  nature  uncertain,  and 
on  the  approach  of  the  electro-magnet  to  the  outside  of  the  eye 
it  is  noticed  to  quiver  or  alter  its  position,  its  character  is  thus 
rendered  evident.  The  electro-magnet  may  for  this  purpose  be 
used  without  a  needle  attached,  employing  in  this  manner  an 
instrument  of  considerable  power.  If  a  particle  of  iron  or  steel 
be  present  in  the  eye,  the  presence  of  the  electro-magnet  thus 
approximated  to  the  globe  will  sometimes  give  a  distinct  sense 
of  discomfort  owing  to  the  movement  or  attempted  movement  of 
the  particle.    A  delicate  suspended  magnetic  needle  also,  held 

'  See    The  Electro-viarjnet  in  OplttUalmic   Svrnery,  by   Simeon  Siiell 
London,  1883.  '  ' 
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over  the  eye,  in  some  cases  in  wliicli  the  presence  of  a  foreign 
body  in  the  interior  of  tlie  globe  is  doubtful,  by  its  movements 
sometimes  affords  aid  in  diagnosis.  The  contained  particle 
should  previously  be  magnetised  by  holding  an  eledtro-magnet 
in  contact  with  the  globe  for  a  time. 

When  the  object  can  be  seen  to  occupy  the  floor  of  the 
fundus  at  some  distance  behind  the  lens,  an  attempt  may  be 
made  to  remove  it  by  an  incision  through  the  sclerotic  choroid 
and  retina  at  the  lowest  part  of  the  globe ;  after  the  incision, 
the  foreign  body  may  present  in  the  wound,  and  can  then  be 
removed  with  forceps.  When  the  particle  is  in  the  anterior 
part  of  the  vitreous,  near  the  lens,  the  latter  had  better  be 
removed  in  the  manner  recommended  for  the  extraction  of 
cataract;  the  foreign  body  may  then  follow  the  lens  in  the 
direction  of  the  wound,  and  so  come  within  reach  of  the 
forceps. 

Cysticercus  is  occasionally  found  in  the  vitreous  in  Germany, 
but  in  this  country  it  is  almost  unknown.  It  is  generally  de- 
veloped beneath  the  retina,  and,  after  having  perforated  that 
membrane,  projects  into  the  vitreous.  When  the  media  are 
clear,  the  parasite  can  be  seen  with  the  ophthalmoscope  as  a 
bluish-white  semi-transparent  cyst;  it  moves  about  with  the 
slio-htest  deviation  of  the  eye,  and  possesses  certain  undulating 
mo°vements  of  its  own.  Hill  Griffith  gives  the  following  de- 
scription of  the  cases  he  had  seen  :  '  In  each  case  one  saw  with 
the  ophthalmoscope  a  very  large  spherical  bluish-white  cyst,  and 
springing  from  this  the  neck  of  the  animal,  like  an  alabaster 
pillar  surmounted  by  the  head  and  suckers,  which,  with  its  slow, 
regullr  and  graceful  movements,  reminded  one  of  an  elephant's 
trunk  the  whole  appearance  presenting  a  picture  never  to  be 
forgotten.'  Its  presence  is  usually  followed  by  loss  of  the  eye, 
which  becomes  disorganised  and  atrophied. 

Pseudo-glioma  has  been  already  referred  to  (p.  Ibo). 
Haemorrhages  into  the  vitreous  are  usually  caused  by  injury, 
as  a  direct  blow  or  wound  of  the  eye,  or  by  concussion  propa- 
p-ated  through  the  skull.    Occasionally  they  are  idiopatluc  and 
then  the  extravasation  is  from  the  choroidal  or  retinal  vessels. 

Svmvtoms.-'n^e  hssmorrhages    announce  themselves  by 
partial  or  total  darkening  of  the  field  of  vision;  this  may  come 
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on  gvadually,  or  occur  suddenly.  The  extravasations  can  usually 
be  seen  with  the  ophthalmoscope,  and  frequently  also  by  the 
oblique  focal  illumination.  Sometimes,  however,  the  extra- 
vasated  blood  cannot  be  seen,  neither  can  any  red  reflex  be 
obtained;  the  pupil  looks  black  both  upon  ophthalmoscopic 
examination  and  by  oblique  focal  illumination.  The  presence  of 
Sanson's  images  (see  p.  314)  will  show  that  the  opacity  is  behmd 
the  lens;  besides,  a  cataract  is  rarely  so  black  as  to  be  mistaken 
for  this  condition. 

The  ha3morrhages  may  disappear  in  the  course  of  a  few 
weeks,  but  more  frequently  are  followed  by  pigmented  floating 
■opacities. 
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CHAPTER  XIII. 

ON  GLAUCOMA. 

Glaucoma  is  the  name  given  to  the  group  of  sjaiiptoms  caused 
by  an  excess  of  intra-oculai^  tension.  It  is  essentially  a  disease 
of  advanced  life,  70  per  cent,  of  the  cases  occurring  in  those 
who  are  over  fifty.  A  large  proportion  of  glaucomatous  eyes 
(50  to  75  per  cent.)  are  found  to  be  h^qDermetropic.  When 
it  occurs  independently  of  any  other  affection  of  the  eye,  it 
is  called  immary ;  when  it  is  caused  by  pre-existing  eye-disease^ 
it  is  known  as  secondary  glaucoma. 

Primary  glaucoma  occurs  in  every  degree  of  severity,  and 
varies  exceedingly  in  its  rate  of  progress  ;  it  may  be  so  acute 
as  to  terminate  in  total  blindness  in  the  course  of  twenty-four 
hours,  or  so  chronic  as  to  go  on  for  months,  and  even  years, 
before  arriving  at  this  condition.  It  is,  however,  always  pro- 
gressive, unless  checked  by  remedial  measures. 

The  symptoms  may  be  divided  into  : 

1.  Those  which  are  premonitory. 

2.  Those  which  accompany  the  actual  attack. 
Premonitorij  symptoms  are  seldom  wanting,  although  they 

are  frequently  unheeded  by  the  patient  until  the  true  onset  ot 
the  attack.  One  of  the  earliest  is  the  rapid  impairment  of 
accommodation — rapidly  increasing  presbyopia.  The  patient 
has  been  unable  to  read  small  print  (No.  0-5  Snellen)  without 
spectacles  of  greater  strength  than  should  be  required  at  his 
age  (see  Refraction),  and  has  found  it  necessary  to  increase  the 
strength  of  the  latter  perhaps  several  times  in  the  course  of  u 
few  months.  All  artificial  lights,  such  as  the  gas  or  candle 
flame,  have  at  times  been  surrounded  by  a  halo  of  brightness. 
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or  by  coloured  I'ainbow-like  rings.  In  some  cases  the  patient 
complains  of  cloudiness  of  sight,  which  he  describes  as  '  fog,'  or 
'  mist,'  before  the  eyes.  This  is  not  always  present,  but  comes 
and  goes  at  intervals  ;  it  is  more  likely  to  supervene  after  pro- 
longed use  of  the  eyes,  and  is  therefore  more  common  at  night 
than  in  the  morning.  Occasionally  the  patient  may  find  him- 
self in  total  darkness  for  several  seconds  from  sudden  failure  oi' 
vision. 

Of  the  symptoms  which  accompany  the  actual  attack,  the 
most  important  are  : 

1.  Increased  intra-ocular  tension. 

2.  Cupping  of  the  optic  disc. 

3.  Limitation  of  the  visual  field. 

4.  Dilatation  of  the  pupil. 

5.  Pain  and  other  symptoms. 

1.  Inira-ocular  tension  is  always  increased]  in  fact,  this 
symptom  is  pathognomonic  of  the  disease.  In  order  to  ascer- 
tain the  der/ree  of  tension,  the  patient  should  be  directed  to 
look  towards  the  floor,  whilst  the  hea  d  is  retained  erect ;  the 
upper  part  of  the  globe  is  thus  brought  well  forward,  so  that  it 
can  be  reached  by  the  tips  of  the  surgeon's  two  index  fingers, 
and  so  examined  by  gentle  pressure  through  the  upper  lid. 
Considerable  practice  in  this  palpation  is  necessary  before  the 
tactus  eruditus  can  be  acquired ;  the  afiected  eye  should  be 
compared  with  the  other,  and  with  the  normal  eye  of  another 
person.  The  following  method  of  indicating  the  amount  of 
hitra-ocular  tension  (Bowman)  is  now  almost  universally 
adopted  : 

Tn,  normal  tension. 

T  +  ?  tension  probably  increased. 

T+1      „      perceptibly  increased. 

T  +  2      „      increased,  but  the  globe  can  be  dimpled. 

T-+0      „      increased  so  much  that  the  globe  cannot  be 

dimpled  (stony  hardness). 
T  — ?      „      probably  diminished. 
T— 1      ,,      certainly  diminished. 
T— 2  much  diminished. 

very  much  diminished  (globe  flaccid). 


T-3 


The  increase  of  tension  is  almost  in  direct  proportion  to 
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the  severity  of  the  disease  ;  in  the  most  acute  cases  it  is  usually 
very  high  (T  =  +  2  or  4-  3) ;  in  the  subacute  forms  it  is  less  in- 
creased (T=  +1  or  +  2)  ;  and  in  the  chronic  varieties  it  may  be 
only  slightly  augmented  (T=  +?  +  1  or +  2). 

2.  Guppinf/  of  Hie  optic  disc  is  not  present  in  the  earlier  stage 
of  glaucoma,  but  is  always  found  where  increased  intra-ocular 
tension  has  existed  for  some  time.  The  depth  of  the  cup  is  very 
variable ;  it  is  more  marked  in  persons  under  fifty  than  in  those 
above  that  age.  Its  floor  presents  a  bluish-white  appearance  ; 
this  is  tnost  pronounced  in  advanced  cases. 

The  cupping  can  be  best  seen  by  the  direct  method  of  oph- 
thalmoscopic examination  ;  but  atropine  must  on  no  account 
be  used  to  dilate  the  pupil,  as  this  invaiiably  aggravates  the 
symptoms.    Examined  in  this  way,  the  cupped  disc  presents 
the  appearance  represented  in  figs.  1  and  2  on  the  opposite 
page.    Fig.  1  is  the  condition  seen  when  the  vessels  on  the 
fundus  are  in  focus.    The  vessels  at  the  bottom  of  the  cup  are 
blurred  and  indistinct,  for  they  are  on  a  posterior  plane  and 
consequently  out  of  focus.    There  appears  to  be  a  loss  of  con- 
tinuity in  the  vessels  at  the  margin  of  the  disc ;  this  is  due  to 
the  vessels  being  hidden  under  the  shelf  of  the  excavation, 
around  which  they  curve  to  reach  the  level  of  the  fundus  (see 
fig.  113).    In  order  to  bring  the  disc  or  bottom  of  the  cup  into 
view,  it  will  be  necessary  to  interpose  one  of  the  concave  lenses 
of  the  ophthalmoscope,  the  strength  of  the  lens  thus  required  to 
bring  the  lamina  cribrosa  into  focus  being  proportionate  to  the 
depth  of  the  cup  (see  fig.  2).    In  fact,  we  have  only  to  allow 

0-  3  mm.  for  each  dioptre  of  the  lens  used,  in  order  to  obtain  an 
approximate  estimate  of  this.  Thus,  suppose  the  edge  of  the 
disc  and  the  vessels  there  to  be  in  focus  without  any  lens  being 
interposed  between  the  two  eyes,  and  that  a  lens  of  4  I)  is  re- 
quired to  bring  the  lamina  cribrosa  into  focus,  then  (0-3  x  4  = 

1-  2)  the  approximate  depth  of  the  cup  will  be  1-2  mm.  If  the 
head  be  moved  from  side  to  side,  the  bottom  of  the  cup  being 
farther  away  appears  to  move  in  the  same  direction  as  the  ob- 
server's head ;  this  parallax  or  change  in  the  relative  positions 
of  the  floor  and  edge  of  the  cup  is  quite  diagnostic. 

The  parallax  can  also  be  seen  by  the  indirect  method  ;  in  this 
case,  if  the  lens  which  is  used  by  the  observer  be  moved  through 
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Fig.  1.— Deep  Glaucoma  Cupping  (edge  of  disc  in  focus). 


Flgr.  2.— The  same  (.bottom  of  exoavoMon  in  focus). 
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a  small  space  in  front  of  tlie  eye,  the  images  of  the  vessels  at 
the  edo-e  of  the  cup,  and  those  of  the  vessels  at  the  bottom  of 
the  cup,  appear  to  change  their  relative  positions  ;  those  of  the 
former  seem  to  move  more  quickly  than  those  of  the  latter. 
This  phenomenon  is  easily  explained.  In  fig.  109,  let  o  be  the 
position  of  the  vessel  at  the  edge  of  the  disc,  and  o  that  of  a 
vessel  at  its  bottom.  Let  I  and  i  be  the  respective  images  of 
these  vessels.  Then  the  distance  L  i  is  greater  than  L  i.  It 
the  lens  be  moved  from  L  to  l',  the  image  i',  being  farther  from 
the  centre  l'  than  the  image  i',  vrill  have  to  dtscribe  a  greater 


Fig.  109.— Optical  ParaUax. 


space  in  the  same  time,  and  so  i'  will  be  displaced  more  quickly 
than 

It  is  important  to  distinguish  between  the  cupping  of  the 
optic  disc  which  is  due  to  increased  intra-ocular  pressure,  and  the 
physiological  cupping  already  described  on  p.  227.  By  comparing 
fig.  1,  opposite  p.  227,  with  fig.  1,  opposite  p.  356,  it  will  be  seen 
that  the  physiological  excavation  only  occupies  a  part  of  the 
area  of  the  disc,  whilst  in  glaucoma  the  whole  disc  is  depressed. 

Pulsation  of  the  veins  of  the  optic  disc  is  always  produced  by 
increased  tension,  but,  as  it  is  very  frequently  present  in  healthy 
eyes,  it  is  of  little  value  as  a  symptom  unless  it  can  be  proved 
that  it  did  not  previously  exist.  Arterial  xmlsation  at  the  optic 
disc  is  occasionally  seen,  and  when  present  is  an  important 
diagnostic  sign.    It  is  '  the  expression  of  the  contention  between 
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the  pressures  in  the  arteries  and  in  the  ocular  chambers,  and 
the  alternate  supremacy  of  each'  (Priestley  Smith).  With  the 
exceptions  mentioned  on  p.  224,  it  is  always  due  to  increased 
intra-ocular  tension  or  to  aortic  regurgitation.  It  may  be  pre- 
sent before  the  onset  of  an  acute  attack,  and  at  any  stage  in  the 
course  of  chronic  glaucoma. 

3.  Contraction  of  the  field  of  visiooi  is  always  present  in  glau- 
coma. The  field  for  white  fii-st  commences  to  contract  on  the 
inner  part,  and  then  over  the  upper  and  lower  portions  of  the 
periphery  ;  from  these  inner,  upper,  and  lower  poi'tions  the 
obliteration  gradually  proceeds  towards  the  point  of  fixation, 
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Fl3.  110.— Visual  Field  in  Glaucoma  (right  eye). 
 Blue.   —  lied  Green. 

which  is  ultimately  destroyed,  leaving  only  a  contracted  space 
in  the  outer  part  of  the  field  in  which  vision  still  remains, 
although  its  acuity  is  necessarily  much  diminished. 

It  is  an  interesting  fact,  and  one  which  is  almost  peculiar 
to  glaucoma,  that  the  limits  of  vision  for  colours  follow  the  same 
kind  of  contraction  as  those  for  white  (see  Perimetry). 
Fig.  110  is  a  chart  showing  the  visual  field  for  white,  blue,  red, 
and  green  respectively,  which  was  taken  from  a  case  of  moder- 
ately advanced  primary  glaucoma.  On  comparing  this  with 
the  normal  visual  field  (fig.  77)  it  will  be  seen  that  all  the  areas 
for  colours  are  contracted  almost  concentrically  with  that  tor 
white     So  long  as  the  central  part  of  the  field  of  vision— that  is, 
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the  part  wliich  corresponds  to  the  yellow  spot  region  of  the 
retina — is  not  encroached  upon,  the  patient  may  enjoy  very  good 
central  vision  both  for  white  and  for  colours ;  he  will,  however, 
be  unable  to  perceive  other  objects  than  those  towards  which 
his  eye  is  directed  ;  his  vision  is  similar  to  that  of  a  person  look- 
ing through  a  tube.  After  the  obliteration  has  passed  the 
central  region  the  vision  becomes  very  defective,  and  finally  is 
lost  altogether. 

4.  Dilatation  of  the  jpiqnl. — In  the  early  stage  of  primary 
glaucoma  the  pupil  is  always  somewhat  dilated ;  it  is  usually 
oval,  and  is  moderately  active.  As  the  disease  advances,  the 
dilatation  becomes  greater,  the  activity  is  lost,  the  perijDhery  of 
the  iris  adheres  to  the  back  of  the  cornea  near  the  circumference 
of  the  latter.  In  very  advanced  cases  the  edge  of  the  pupil  for- 
sakes its  normal  position  against  the  capsule  of  the  lens  and 
becomes  everted  (ectropion  iridis),  so  that  a  ring  of  brown  pig- 
ment (uvea)  is  now  seen  to  encircle  the  pupil  in  front.  Finally, 
the  iris  becomes  reduced  to  a  narrow  band  of  atrophied  tissue. 

5.  Other  important  symptoms  present  themselves  in  glau- 
coma, but  are  less  constant  than  those  just  mentioned. 

Pain  is  sometimes  a  premonitory  symptom.  The  actual 
onset  of  acute  glaucoma  is  nearly  always  marked  by  intense  pain 
in  the  eye  and  in  surrounding  parts,  as  the  side  of  the  nose,  the 
temple,  and  the  back  of  the  head.  The  sudden  appearance  and 
extreme  violence  of  the  pain  are  important  features  in  acute 
cases.  Similar  but  less  severe  pain  is  sometimes  present  in 
subacute  glaucoma,  and  occasionally  in  the  chronic  forms ;  but 
the  majority  of  the  last  are  free  from  this  symptom. 

hijlammatonj  symptoms  are  always  present  in  the  acute  and 
subacute  forms,  but  are  absent  in  chronic  glaucoma.  In  the 
most  acute  cases  there  is  intense  congestion  of  the  circumcorneal 
zone  of  vessels,  and  often  of  the  whole  conjunctiva  ;  there  may 
be  considerable  chemosis  of  the  ocular  conjunctiva,  and  oedema 
of  the  eyelids.  The  iris  loses  its  brilliancy,  the  aqueous  and 
vitreous  humours  become  turbid,  and  the  cornea  may  be  steamy. 
In  subacute  cases  there  is  dusky  redness  of  the  vessels  in  the 
circumcorneal  zone. 

Shallowness  of  the  anterior  chamber  is  frequently  found  in 
cases  of  increased  tension,  but  it  is  not  a  constant  symptom  ; 
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the  iris  appears  to  be  pushed  forwards  by  advancement  of  the- 
lens.  In  acute  and  subacute  cases  -this  forward  bulging  of  the 
iris  and  lens  is  sometimes  so  pronounced  that  these  structures 
appear  to  be  in  actual  contact  with  the  back  of  the  cornea. 

Imixdred  sensation  of  the  cornea  is  a  common  symptom. 
When  the  tension  is  greatly  increased,  and  especially  where  it 
has  been  of  long  duration,  the  cornea  may  be  touched  without 
exciting  reflex  contraction  of  the  orbicularis,  and  without  dis- 
comfort to  the  patient. 

Opacities  of  the  media  are  nearly  always  present  in  the  acute 
and  siTbacute,  but  are  rare  in  the  chronic  forms  of  glaucoma. 
The  cornea  often  becomes  dull  and  '  steamy  '  in  appearance,  and 
small  transparent  vesicles  may  appear ;  the  aqueous  is  turbid, 
and  may  contain  small  hemorrhages ;  the  vitreous  frequently 
presents  floating  opacities.  In  old-standing  cases  the  lens  be- 
comes opaque. 

From  what  has  been  said  of  the  symptoms  of  primary  glau- 
coma it  will  be  evident  that  an  extensive  range  of  cases  is  met 
with,  and  that,  according  to  the  nature  of  their  prominent 
symptoms,  they  may  be  conveniently  divided  into  three  or  four 
groups— viz.  tJie  acute,  the  subacute,  the  chronic,  and  the  hcemor- 
rhagic.  The  first  three  differ  rather  in  degree  than  in  kind,  for 
intermediate  forms  occur,  and  a  case  belonging  to  one  group 
may  at  any  time  assume  the  characters  of  the  other.  The 
hmmorrhariio,  however,  presents  marked  differences  in  its  cause, 
and  in  the  effect  of  treatment. 

In  acute  cases  the  actual  attack  is  generally  ushered  in  by 
severe  pain  in  and  around  the  eye,  often  extending  over  the 
whole  side  of  the  head;  vomiting  is  not  unfrequently  present, 
and  this,  with  the  pain  in  the  head,  may  cause  the  local  trouble 
to  be  overlooked.  The  conjunctiva  is  usually  intensely  injected 
and  covered  by  large  tortuous  veins.  The  pupil  is  inactive, 
semi-dilated,  and  oval.  The  cornea  and  media  are  always 
turbid  ■  so  that  the  iris  looks  muddy  and  the  fundus  cannot  be 
seen.  Tension  is  gi^eatly  increased,  and  vision  becomes  rapidly 
impaired,  so  that  in  the  worst  cases  (gkmcoma  fuhnmans)  total 
blindness  may  ensue  in  twenty-four  hours  or  less.  _ 

The  subacute  cases  resemble  in  many  respects  those  just 
described,  but  the  premonitory  symptoms  extend  over  a  longer 
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time,  and  those  wliicli  mark  the  actual  onset  of  the  attack  are- 
less  severe.  The  injection  of  the  conjunctiva  in  this  case  is 
often  confined  to  the  circuracorneal  zone,  a  fact  wliich,  com- 
bined with  the  immobility  of  the  pupil,  not  unfrequently  leads 
to  a  diagnosis  of  iritis — a  mistake  which  may  have  most  dis- 
astrous consequences,  for,  while  atropine  does  good  in  iritis,  it 
invariably  does  harm  in  primary  glaucoma. 

Chronic  glaucoma  differs  from  the  preceding  forms  in  the 
absence  of  conjunctival  injection,  and  of  opacities  in  the  media. 
The  absence  of  inflammatory  symptoms  led  to  these  cases  being- 
foranerly  classed  as  simile  or  no7i-inflammatori/  glaucoma,  but 
the  distinction  is  probably  not  a  sound  one.  Cases  of  chronic 
glaucoma  often  extend  over  many  years,  there  being  very  slight 
increase  of  tension,  but  progressive  failure  of  vision,  with  con- 
traction of  the  visual  field,  cupping  of  the  optic  nerve  and 
atrophy  of  its  fibres. 

Hcemorrhagic  glaucoma  is  characterised  by  heemorrhages 
from  the  retinal  vessels  in  addition  to  the  other  symptoms  of 
glaucoma. 

When  the  media  will  allow  of  ophthalmoscopic  examination, 
it  is  found  that  these  htemorrhages  do  not  materially  differ  from 
those  of  other  diseases ;  they  appear  in  dark  red,  somewhat 
elongated  patches,  running  in  the  direction  of  the  retinal  vessels, 
which  they  sometimes  render  obscure  ;  the  veins  appear  dilated 
and  tortuous,  the  arteries  are  of  more  normal  calibre ;  the  optic 
disc  is  hazy  and  congested. 

When  retinal  haemorrhages  exist,  the  other  symptoms  of 
glaucoma  are  less  evident  than  in  ordinary  cases. 

The  tension  is  sometimes  only  slightly  augmented.  The 
visual  field  does  not  present  the  typical  concentric  limitation, 
but  contains  various  irregular  blind  spots  (scotomata)  corre- 
sponding to  the  positions  of  the  blood-extravasations;  and 
should  these  be  situated  near  the  yellow  spot  region,  the  central 
vision  will  be  destroyed.  Sooner  or  later,  however,  all  doubt 
as  to  the  nature  of  the  case  is  dispelled  by  the  onset  of  markedly 
increased  tension,  and  of  violent  pauas  in  and  around  the  eye. 
In  this  variety  operative  treatment  is  very  undesirable,  as  any 
sudden  diminution  of  tension,  such  as  takes  place  in  performing 
an  iridectomy,  is  liable  to  be  followed  by  fresh  ha)morrhage 
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often  necessitating  immediate  enucleation.  Should  the  ]3ain, 
however,  be  so  great  as  to  demand  some  operative  interference, 
sclerotomy  would  alone  be  justifiable. 

Primary  glaucoma  usually  attacks  both  eyes,  but  rarely 
at  the  same  time;  the  affection  of  the  second  eye  may  set 
in  at  any  time  from  a  few  hours  to  several  years  after  the 
first. 

Pathology. — As  we  have  already  seen  (p.  160),  the  intra- 
ocular fluid  is  mainly  secreted  by  the  ciliary  processes,  although 
a  small  portion  may  be  given  off"  by  the  iris.    Part  of  this  fluid 
passes  directly  into  the  aqueous  chamber ;   another  portion 
passes  into  the  vitreous  chamber,  and  from  the  vitreous  chamber 
through  the  suspensory  ligament  into  the  posterior  part  of  the 
aqueous  chamber.     The  aqueous  humour  thus  formed  flows 
forward  from  behind  the  iris,  mainly  through  the  aperture  of 
the  pupil,  but  a  portion  of  it  passes  through  the  tissues  at  the 
periphery  of  the  iris ;  having  thus  reached  the  anterior  pai't  of 
the  aqueous  chamber,  it  flows  between  the  fibres  of  the  Hga- 
mentum  pectinatum  at  the  angle  of  the  anterior  chamber  (iritic 
angle)  and  reaches  the  canal  of  Schlemm ;  from  this  it  passes 
into  the  venous  plexus,  situated  in  the  vicinity  of  the  canal ;  it 
either  enters  directly  into  these  veins  by  means  of  valvular 
apertui-es,  and  so  enters  the  blood-current,  or  it  passes  into  the 
perivascular  lymph  spaces  surrounding  the  veins,  and  is  carried 
by  these  to  the  capsule  of  Tenon.    The  increased  tension  of 
glaucoma  is  undoubtedly  due  to  an  excess  of  this  fluid  within 
the  globe,  but  ophthalmologists  are  somewhat  at  variance  as  to 
the  exact  cause  of  this  phenomenon. 

Priestley  Smith  believes  ^  that  the  comparatively  large  size 
of  the  lens  in  advanced  life  (see  p.  303)  accounts  for  the  special 
liability  of  elderly  people  to  primary  glaucoma.  He  found 
by  experiment  that  if  the  vitreous  chamber  be  overfilled  with 
fluid,  so  that  the  lens  and  suspensory  ligament  move  slightly 
forwards,  the  ciliary  processes  are  pressed  against  the  base  of 
the  iris,  and  this,  in  turn,  against  the  cornea,  so  that  the 
filtration  channels  at  the  angle  of  the  anterior  chamber  are  shut 
up  in  a  manner  closely  resembling  what  is  found  in  the  early 
stage  of  primary  glaucoma.    He  is  of  opinion  that  primary 
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tj'laucoma  is  the  consequence  of  a  shutting  up  of  the  angle  of 
the  anterior  chamber,  arising  precisely  in  this  way.  In  the 
normal  state  of  the  eye  the  waste  fluid  of  the  vitreous  body 
passes  forwards  through  the  suspensory  ligament  to  mingle 
with  the  aqueous  fluid;  but  in  glaucoma  this  escape  of  the 
vitreous  fluid  appears  to  be  checked  by  closing  up  the  space 
between  the  ciliaiy  body  and  the  lens,  and  so  the  vitreous 
chamber  gets  overfilled.  The  immediate  cause  of  the  obstruc- 
tion appears  in  most  cases  to  be  a  swelling  up  of  the  ciliary 
processes,  but  it  is  obvious  that  the  large  size  of  the  senile  lens 
will  act  as  a  lyredisposing  cause  of  glaucoma  wherever  such 
swelling  occurs.  This  opinion  as  to  the  participation  of  the 
lens  is  sujDported  by  the  fact  that  swelling  of  the  lens  as  the 
result  of  injury  is  very  apt  to  induce  glaucoma  in  elderly  people, 
in  whom  the  lens  is  already  of  large  size,  and  less  so  in  young 
people,  in  whom  it  is  small.  It  is,  however,  insufiicient  to 
account  for  certain  forms  of  glaucoma,  such  as  sometimes  occur 
in  eyes  from  which  the  lens  has  been  removed,  and  in  eyes 
where  the  lens  has  been  dislocated  backwards. 

Dr.  Brailey^  believes  glaucoma  to  be  primarily  due  to  a 
vascular  change;  he  considers  that  befofe  the  develojjment  ot 
the  increased  tension  there  is  always  inflammation  of  the  ciliary 
body,  iris,  and  optic  nerve ;  that  this  is  most  pronounced  in  the 
ciliary  body,  especially  in  and  around  its  muscular  fibres ;  that 
the  inflamed  condition  gives  rise  in  the  first  instance  to  hyper- 
secretion of  fluid  from  the  ciliary  body  and-  iris  ;  that  the  en- 
largement of  the  ciliary  folds,  due  to  their  vascular  turgescence, 
causes  the  advancement  of  the  periphery  of  the  iris  towards 
the  cornea,  by  which  the  outflow  of  fluid  from  the  globe  through 
the  angle  of  the  aqueous  chamber  and  the  canal  of  Schlemm  is 
impeded. 

^  Weber  ^  does  not  believe  in  the  theory  of  hypersecretion  of 
fluid,  but  in  a  diminished  outflow.  He  does  not  consider  that 
the  hindrance  to  the  outflow  is  limited  to  the  iritic  angle  of  the 
anterior  chamber,  but  that  impediments  may  exist  in  the  vitreous, 
in  the  suspensory  ligament,  the  anterior  chamber,  the  canal  of 
Schlemm,  or  in  the  superficial  layers  of  the  sclerotic.    He  also 

'  Loncl.  OjMU.  Hosp.  Reports,  vol.  x.  part  ii. 
^  Trans.  Int.  Med.  Congress,  vol.  iii.  1881. 
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is  of  opinion  that  a  liiglier  '  condition  of  albuminosity '  of  the 
intra-ocular  fluid  may  tend  to  prevent  its  outflow. 

Whatever  may  be  the  mitial  cause  of  primary  glaucoma, 
whether  from  (i.)  hypersecretion  of  the  inflamed  ciliary  body, 
(ii.)  impeded  outflow  caused  by  pressure  of  the  enlarged  ciliary 
body  upon  the  periphery  of  iris,  (iii.)  impeded  outflow  from  the 
vitreous  chamber  by  enlargement  of  the  lens,  or  from  all  these 
causes  combined,  there  are  certain  pathological  conditions  which 
are  pretty  constantly  found  in  glaucomatous  eyes.  These  will 
now  be  considered. 
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Fig.  111. — Ciliary  Regioa  in  Early  Stage  of  Glaucoma. 
(Photomicrograph  x  75.) 
CA  ciliarv  body  :  S,  sclerotic  :  C,  cornea  ;  A  C,  anterior  chamber  with  blocked  iritic  angle  (the 
Ms  has  become  detached  from  the  cornea  at  the  iritic  angle  in  the  preparation)  ;  I,  ins. 

The  ciliary  hody.—In  the  early  stage  there  is  always  inflam- 
mation of  the  ciliary  muscle,  and  enlargement  of  the  ciliary 
folds  (cyclitis).  This  condition  of  capillary  distension  of  the 
ciliary  body  is  believed  by  Dr.  Brailey  to  cause  increased  secre- 
tion, which  may  of  itself  be  suflacient  to  cause  glaucomatous 
tension.  Its  appearance  at  tliis  early  stage  is  very  similar  to 
that  of  serous  iritis.  It  diff-ers  from  that  aff-ection  in  becommg 
rapidly  atrophic,  the  atrophy  being  accompanied  by  great  dilata- 
tion of  the  blood-vessels.  In  the  advanced  stage  of  primary 
glaucoma  the  ciliary  body  is  always  found  to  be  atrophied  (see 
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fio-.  112);  Bot  only  the  muscle,  but  the  cilia, ly  folds,  are  found 
to  be  slu-unken  and  the  vessels  widely  dilated.  In  old  people 
this  atrophy  is  accompanied  by  the  formation  of  dense  con- 
nective tissue,  whilst  in  the  more  rare  attacks  in  young  people 
the  part  becomes  stretched,  owing  to  the  elasticity  of  the  tissues, 
thus  forming  a  general  bulging  of  the  anterior  part  of  the  eye, 
<'xnd  giving  rise  to  the  condition  known  as  lu'plitUalmos. 

The  ins  is  also  slightly  inflamed,  and  the  pupil  somewhat 
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Fig.  112.— Ciliary  Kegion  in  Late  Stage  of  aiaucoina. 
(Photomicrograph  x  1 00.) 
oili!ir\-  body;  S,  sclerotic  ;  I,  atrophied  iris  adliereut  to  C,  covuea,  no  auterior  cliamber. 


<lilated  and  sluggish  in  the  early  stage.  Its  periphery  is  approxi- 
mated to  the  back  of  the  cornea  at  the  iritic  angle  so  as  to 
diminish  the  size  of  that  outlet  (fig.  Ill);  the  fibres  of  the 
ligamentum  pectinatum  as  they  pass  from  Descemet's  membrane 
to  the  base  of  the  iris  are  found  to  be  swollen  by  hypernuclea- 
tion  of  their  epithelioid  covering,  and,, by  being  thus  increased 
m  calibre,  the  spaces  between  them  (spaces  of  Fontana)  are  con- 
siderably diminished,  thus  forming  a  further  obstruction  to  the 
■outflow  of  the  fluid  from  the  anterior  chamber  to  the  canal  of 
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Sclilemm.  In  the  advanced  staije  the  periphery  of  the  iris  is 
found  to  be  in  actual  contact  with  tlie  cornea,  and  adherent  to  it 
(see  fig.  112),  so  that  the  iritic  angle  is  more  or  less  completely 
blocked.  Under  these  circumstances  the  edges  of  the  pupil  are 
sometimes  everted,  and  the  pupillary  margin  of  the  iris  no 
longer  rests  upon  the  capsule  of  the  lens.  Tinally,  the  iris  may 
become  atrophied  and  reduced  to  a  mere  band  of  slate-coloured 
tissue  around  the  widely  dilated  pupil. 

The  suspensonj  ligament  is  put  upon  the  stretch  by  the  accu.- 
mulated  intra-ocular  fluid.  This  is  probably  an  important  factor 
in  tbe  impairment  of  accommodation  which  is  always  present  in 
glaucoma. 

The  optic  nerve  is  always  found  to  be  somewhat  inflamed  in 
the  very  early  stage  (Brailej^).  In  the  advanced  stages  there  are 
always  clianges  in  this  structure.  On  transverse  section  the 
nerve-tibres  are  found  to  be  sbrunken,  and  the  intervening  con- 
nective tissue  considerably  hypertrophied.  The  same  hyper- 
trophy is  found  to  affect  the  pial  sheath  of  the  optic  nerve  and 
the  lamina  cribrosa.  This  latter  structure,  which  forms  the  floor 
of  the  optic  disc,  p  the  weakest  part  of  the  fibrous  capsule  of 
the  globe,  and  is  therefore  the  first  to  yield  to  glaucomatous 
tension.  In  cup-pinrj  of  the  optic  disc  the  fibres  of  the  lamina  are 
pushed  backwards,  and  the  nerve-fibres  as  they  radiate  towards 
the  retina  are  pressed  back  with  it.  The  depth  of  the  cup  de- 
pends chiefly  upon  the  amount  and  duration  of  increased  tension 
and  the  age  of  the  patient.  In  a  person  of  middle  age,  where 
the  tension  has  been  considerable  and  of  long  standing,  the  cup 
is  generally  deep  with  overhanging  edges,  but  in  an  older  person 
(over  sixty)  it  is  less  deep,  owing  to  the  unyielding  nature  of 

the  fibrous  tissue. 

Fig.  113  is  a  photomicrograph  of  the  optic  disc  as  seen  m 
chronic  glaucoma  upon  microscopic  examination. 

The  choroid.— It  was  formerly  considered  (Graefe)  that 
choroiditis  serosa  was  one  of  the  chief  causes  of  glaucoma,  but 
it  is  found  that  this  structure  is  not  affected  in  the  early  stage, 
and  only  evinces  a  tendency  to  atrophy  in  the  later  period  of 
glaucoma,  when  the  optic  disc  is  often  seen  surrounded  by  a  ring 

of  choroidal  atrophy.  _ 

The  retina  suffers  from  prolonged  pressure  m  several  ways. 
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lu  the  lirst  place,  tlie  compression  of  so  delicate  a  structure  is 
alone  sufficient  to  impair  its  function ;  tlien  we  have  seen  that 
the  fibres  of  the  optic  nerve  are  compressed  and  atrophied  at  or 
near  the  optic  disc,  especially  as  they  pass  over  the  sharp  knife- 
like margin  of  the  scleral  ring  (see  fig.  113);  finally,  the  flow 
of  arterial  blood  to  the  retina  is  impeded,  and  the  eflaiux  of 
venous  blood  is  retarded.  The  want  of  arterial  blood  is  probably 
the  cause  of  the  characteristic  limitation  of  the  visual  field ;  the 
course  of  the  vessels  to  the  periphery  being  longer,  and  so 


Fig.  113.— The  Optic  Disc  hi  Glaucoma.    (Photomicrograph  x  75.) 
ACR,  artoria  centralis  retina-  :  ON.  o,,cic  ncn^e  ;  IS,  interslieatU  space  ;  S,  sclerotic  • 
V,  artenal  circle  uround  tlic  disc  ;  C,  choroia;  E,  retina. 

having  greater  resistance  to  overcome  than  those  at  the  centre 
ihe  vessels  of  the  retina  are  frequently  found  to  be  degenerated 
ihe  walls  of  the  arteries  are  often  thick,  and  present  a  hyaline 
appearance;  sometimes  aneurismal  dilatations  may  be  seen  and 
hjemorrhages  are  frequently  found. 

Treatment. ~ln  the  year  185G  Albrecht  Graefe,  having  dis- 
covered that  iridedoviy  was  effectual  in  reducing  intra-ocular 
ension,  employed  this  operation  in  the  treatment  of  glaucoma  • 
nis  attempts  m  this  direction  were  followed  by  the  most  brilliant 
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success.  The  operation  of  iridectomy  lias  been  and  is  almost 
universally  adopted  for  tins  disease,  and  is  the  means  of  res- 
cuing hundreds  of  persons  from  blindness  every  year. 

Before  the  time  of  Graefe's  discoveiy,  glaucoma  held  a 
prominent  place  in  the  category  of  incurable  diseases. 

Since  that  time  iridectomy  has  been  universally  practised, 
and  has  proved  itself  to  be  the  best  remedial  measure  at  our 
■disposal.  Other  operative  measures,  as  sclerotomy  and  paracen- 
tesis of  the  aqueous  and  vitreous  chambers,  have  been  introduced, 
but  have  in  no  way  been  found  superior  to  the  original  opei'a- 
tion,  although  in  certain  cases  their  adoption  may  be  advisable. 

The  method  of  i^er forming  iridectomy  will  be  found  on  p.  155. 
When  made  for  the  relief  of  glaucoma,  the  incision  should  be 
entirelv  in  the  sclera,  not  in  the  cornea  ;  the  distance  between 
the  puncture  and  counter-puncture  should  be  from  6  to  8  mm. 
In  excising  the  portion  of  iris,  care  should  be  taken  to  cut  it  ofi 
as  close  to  its  ciliary  border  as  possible.  A  large  iridectomy 
should  be  made  involving  at  least  one-fifth  of  the  iris.  It 
should,  when  possible,  be  made  upwards  so  that  the  upper  eye- 
lid may  afterwards  cover  the  coloboma,  and  so  prevent  spherical 
aberration.  It  often  happens,  however,  that  the  upper  part  of 
the  ii'is  is  in  an  atrophied  condition,  in  which  case  the  perform- 
ance of  iridectomy  is  not  only  more  difficult  but  is  less  satis- 
factory in  its  results,  so  that  it  is  desirable  to  select  another 
portion  of  the  iris  for  excision. 

Ii'idectomy  is  much  more  easily  performed  in  simple  non- 
inflammatory glaucoma  than  in  the  acute  and  subacute  kinds  ; 
the  anterior  chamber  is  less  shallow,  the  conjunctiva  is  less 
injected,  and  there  is  no  chemosis,  the  cornea  is  clear,  and  the 
iris  uninflamed. 

The  hest  time  for  ojyeration  is  during  the  early  stage  of  the 
disease  ;  whether  the  case  be  one  of  simple,  subacute,  or  acute 
<Tlaucoina,  the  earlier  it  is  operated  upon  after  the  actual  onset 
of  the  disease  the  greater  are  the  probabilities  of  immediate  and 
of  permanent  success.  In  acute  glaucoma  the  danger  in  delay- 
ing an  operation  is  so  great  that  an  eye  may  become  so  destroyed 
in  the  course  of  twenty-four  hours  as  to  render  it  quite  blind 
and  beyond  possibility  of  recovery.  Should  it  be  found  neces- 
sary to  postpone  operation  for  a  Umited  period,  the  danger  from 
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tension  nicay  be  modified  by  tlie  free  use  of  eserine  drops 
(F.  26)  instilled  every  hour,  combined  with  leeching  and  hot 
fomentations. 

hi  subacute  cases  the  same  rule  applies  :  eserine  instillation 
should  be  commenced  at  once,  and  iridectomy  performed  at  as 
■early  a  date  as  possible. 

In  simple  glaucoma  (chronic)  the  immediate  performance  of 
the  operation  is  less  imperative,  although,  from  what  has  been 
said,  its  beneficial  results  will  be  greater  in  recent  than  in  old- 
standing  cases. 

It  generally  happens  that  patients  who  present  themselves 
with  acute  or  subacute  glaucoma  have  previously  been  the  sub- 
jects of  the  simple  or  chronic  form  of  this  disease,  although  they 
were  possibly  unaware  of  the  fact.  A  careful  inquiry  into  the 
history  of  such  cases  will  generally  elicit  confirmatory  evidence 
of  this.  In  the  treatment  and  prognosis,  therefore,  of  any  case, 
it  behoves  us  to  inquire  carefully  as  to  the  particular  stage  at 
which  the  disease  may  have  arrived,  and  to  what  extent  the 
retina  may  have  suffered  from  intra-ocular  pressure ;  for  when- 
ever increase  of  tension  has  existed  for  any  length  of  time,  we 
find  that  atrophic  changes  have  appeared  in  the  optic  disc  and 
retina  which  cannot  possibly  be  removed  by  reducing  the  tension 
■of  the  eye. 

The  best  results  from  iridectomy  are  obtained  in  the  acute 
and  subacute  cases  of  recent  date.   Pain  is  speedily  i-elieved,  che- 
mosis,  haziness  of  the  cornea,  and  of  the  other  media,  are  quickly 
■dispersed  ;  vision  is  forthwith  improved,  and  in  the  majority 
of  cases  the  visual  acuteness  and  the  visual  field  after  ojoeration 
are  restored  to  a  condition  nearly  equal  to  that  which  existed 
befoi-e  the  onset  of  the  inflammatory  attack.    This,  of  course, 
only  applies  to  those  cases  which  have  been  operated  upon 
within  a  reasonable  time  after  the  onset  of  the  attack.  Excep- 
tions, however,  sometimes  occur   in  which  a  well-performed 
undectomy  fails  to  reduce  tension  in  a  satisfactory  manner.  In 
such  cases  recourse  must  be  had  to  sclerotomy  or  to  a  second 
iridectomy.    In  other  exceptional  cases  it  unfortunately  happens 
that  all  operative  interference  fails  to  arrest  the  course  of  the 
•disease,  which  steadily  progresses  to  complete  blindness. 

In  simple  glaucoma  little  more  can  be  effected  by  iridectomy 
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than  a  stoppage  or  retardation  of  the  progress  of  the  disease. 
The  conditions  of  visual  acuteness  and  visual  field  will  remahi 
about  the  same  as  before  operation. 

The  instillation  of  eserine  (F.  2G)  or  pilocarpine  (F.  27)  is 
of  great  service  in  all  cases  where  for  any  reason  operative 
interference  is  postponed.  The  constant  use  of  either  of  these 
drugs  is,  however,  very  irritating  to  the  conjunctiva ;  and 
although  the  disease  is  kept  somewhat  in  abeyance,  it  will 
nevertheless  make  such  advances  as  to  render  iridectomy  finally 
compulsory. 

In  hcemorrhagic  glaucoma,  when  the  condition  of  the 
media  will  admit  of  the  detection  of  haemorrhages  in  the  retina, 
the  vitreous,  or  the  anterior  chamber,  iridectomy  is  contra- 
indicated.  Owing  to  the  diseased  condition  of  the  blood-vessels, 
an  iridectomy  is  certain  to  aggravate  the  mischief,  the  sudden 
lowering  of  the  intra-ocular  pressure  causing  further  hasmorrhage. 
The  operation  of  sclerotomy,  in  which  the  diminution  of 
tension  is  more  gradual,  has  not  so  far  been  followed  by  these 
untoward  results. 

In  very  old  people  the  probable  duration  of  life  must  be 
considered ;  where  the  disease  is  of  the  mild  and  chronic  form 
the  central  vision  may  continue  fairly  good  until  the  end. 

In  advanced  disease,  where  the  vision  is  perhaps  totally 
gone  from  one  eye,  and  greatly  impaired  in  the  other,  the 
iris  is  usually  atrophied,  and  sclerotomy  would  be  more  easily 
performed  than  iridectomy,  although  but  little  benefit,  beyond 
the  relief  of  tension  and  consequent  cessation  of  pain,  could  be 
expected. 

Sclerotomy  has  of  late  years  been  extensively  tried  as  a 
substitute  for  iridectomy  in  glaucoma;  this  is  owing  to  the 
widespread  conviction  that  the  latter  operation  owes  its  efficacy 
to  the  incision  in  the  sclerotic  rather  than  to  the  excision  of  a 
portion  of  the  iris.  Various  methods  of  performing  sclerotomy 
are  in  use  ;  the  following  plan,  as  recommended  by  De  Wecker, 
is  the  one  I  usually  adopt. 

Operation.— A  Graefe's  linear  knife  (fig.  61,  p.  202),  or  one 
of  De  Wecker's  sclerotomes,  is  introduced  into  the  sclerotic  at 
1  to  2  mm.  from  the  margin  of  the  cornea,  in  the  same  way  as 
for  iridectomy  in  the  extraction  of  cataract  (see  p.  330),  except 
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that  the  incision  is  slightly  more  posterior  than  in  the  iridec- 
tomy ;  its  point  is  carried  across  the  anterior  chamber  in  front 
of  the  iris,  and  the  counter-puncture  made  in  the  opposite  cor- 
responding position.  The  knife  is  now  carried  upwards  by  a 
sawing  movement  until  its  edge  is  just  covered  by  the  sclero- 
corneal  junction,  that  is,  until  its  edge  forms  a  tangent  with  the 
highest  point  of  the  cornea  ;  the,  incision  is  then  stopped  with- 
out cutting  through  the  remaining  bridge  of  sclerotic  above, 
and  the  knife  is  slowly  withdrawn.  Great  care  should  be  taken 
not  to  wound  the  iris,  also  to  prevent  a  sudden  rush  of  the 
aqueous  from  the  wound,  whereby  the  iris  might  be  caused  to 
pi'otrude,  and  so  become  entangled  in  the  wound. 

By  sclerotomy  performed  in  this  manner  all  the  tissues  at 
the  iritic  angle  are  divided,  except  the  bridge  of  sclerotic  tissue 


Fig.  114. — Lines  of  Incision. 
/,  in  iridectomy ;  S,  in  sclerotomy. 

which  is  left.  The  operation  is  '  subconjunctival.'  The  line  of 
incision  which  it  is  desirable  to  obtain  in  sclerotomy  is  shown 
in  fig.  114,  where  it  is  seen  to  be  somewhat  posterior  to  that  of 
iridectomy.  It  is  evident  that  in  this  operation,  if  the  incision 
is  too  far  removed  from  the  cornea,  there  is  danger  of  wounding 
the  ciliary  body,  and  consequent  haemorrhage  into  the  vitreous 
chamber,  also  of  possible  plastic  cyclitis,  and  consequent  sympa- 
thetic inflammation  in  the  other  eye. 

With  the  view  of  preventing  the  prolapse  of  the  iris  through 
the  wound  in  the  sclerotic,  as  well  as  for  the  continued  reduc- 
tion of  tension,  the  use  of  eserine  (F.  26)  is  advisable  both 
before  and  after  the  operation. 

Sclerotomy,  although  generally  admitted  to  be  theoretically 
equivalent  to  iridectomy,  has  not  yet  gained  the  universal 
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confidence  of  ophthalmic  surgeons.  Speaking  on  this  subject  in 
1878,  De  Wecker/  one  of  the  strongest  supporters  of  sclerotomy, 
says  :  '  Although  I  shall,  probably,  during  the  whole  course  of 
my  cai-eer  continue  to  give  preference  to  excision  of  the  iris  as 
lieing  the  surest  operation  against  glaucoma,  I  hold  the  convic- 
tion that  our  progressive  science  will  substitute  for  it  a  simpler 
and  more  logical  proceeding.  .  .  .  Under  two  circumstances 
only  do  I  strongly  recommend  you  to  renounce  iridectomy  and 
to  resort  to  my  operative  procedure ;  first,  when  you  recognise 
that  you  are  dealing  with  haemorrhagic  glaucoma,  for  here  the 
double  section  with  the  narrow  sclerotome  (2  mm.)  enables  you 
to  avoid  the  danger  of  the  section  for  iridectomy ;  and  secondly, 
in  cases  of  absolute  glaucoma  :  in  these,  sclerotomy  ought 
always  to  be  preferred  to  iridectomy,  tlie  ojoeration  being  under- 
taken only  with  the  object  of  freeing  the  patient  from  severe 
pain,' 

Paracentesis  of  the  vitreous  chamber  is  practised  by  Cowell 
for  the  relief  of  certain  forms  of  chronic  and  secondary  glau- 
coma ;  he  plunges  the  point  of  a  Beer's  cataract  knife  to  the 
extent  of  5  mm.  through  the  conjunctiva,  sclerotic,  choroid, 
and  retina,  as  near  as  possible  to  the  space  between  the  insei- 
tions  of  the  superior  and  external  recti.  The  incision  is  some- 
times attended  with  excellent  results,  not  only  in  relieving 
tension,  but  in  the  improvement  of  vision,  &c. 

When  an  eye  is  lost  from  glaucoma  and  continues  to  be 
painful  after  sclerotomy  or  any  other  operation,  excision  of  the 
globe  is  the  only  remedy. 

Secondary  glaucoma  signifies  a  condition  of  increased  intra- 
ocular tension,  occurring  as  a  complication  of  some  other  affec- 
tion of  the  eye.  It  is  most  common  amongst  those  maladies 
which  interfere  with  the  normal  movements  and  position  of 
the  iris. 

Perforating  idcer  of  the  cornea  with  protrusion  of  the  iris  is  a 
common  example  of  this.  The  whole  or  part  of  the  pupillary 
edge  of  the  iris  becomes  entangled  in  the  wound,  where  it  ap- 
pears as  a  black  point ;  if  this  be  carefully  examined,  the  pro- 
truding portion  of  the  iris  will  be  found  to  act  as  a  filter,  and 
for  a  certain  period  to  give  rise  to  a  constant  leakage ;  finally, 
>  Thera^eutique  Ooulaire,  part  i.  p.  378.  1378. 
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this  black  jDoint  becouies  covered  over  by  a  layer  of  lympli  which 
cicatrises  and  the  leak  is  closed.  Increased  tension  is  the  im- 
mediate result ;  the  fluid  can  no  longer  pass  through  the  cica- 
trix ;  the  peripheiy  of  the  iris  is  jammed  against  the  cornea  by 
the  fluid  pressure  behind  it,  and  so  the  entrance  to  the  canal  of 
Schlemm  is  closed.  Unless  the  tension  is  relieved  by  iridec- 
tomy, or  an  equivalent  operation,  the  iris  becomes  atrophied 
and  adherent  to  the  cornea ;  anterior  staphyloma  or  bulging  of 
the  whole  anterior  part  of  the  eye  may  occur ;  the  iris  is  greatly 
stretched,  and  tension, is  made  upon  the  ciliary  processes;  the 
lens  is  carried  forward  as  well  as  the  iris  ;  the  zonula  is  stretched, 
and  so  traction  is  made  upon  the  jaars  ciliaris  retinae.  The 
vitreous  undergoes  degeneration,  and  becomes  more  fliiid  than 
normal. 

Com])lete  posterior  synechia  is  another  common  cause  of 
secondary  glaucoma  :  the  pupil  being  bound  to  the  anterior 
capsule  of  the  lens,  the  passage  of  fluid  forwards  through  this  is 
arrested;  pressure  is  thus  made  upon  the  iris  from  behind,  and 
its  peripheral  portion  is  bulged  forwards,  thus  closing  the  angle 
of  the  anterior  chamber,  while  the  attachment  of  its  pupillary 
edge  to  the  lens  gives  a  funnel-shaped  appearance  to  the 
pupil. 

Wound  of  the  lens,  as  in  the  needle  operation  or  by  accident, 
often  gives  rise  to  increased  tension,  probably  by  causing  swell- 
ing of  the  lens-structure  within  its  capsule.  The  remains  of 
soft  lens-matter  after  cataract  extraction  is  also  a  cause  of 
increased  tension. 

Dislocation  of  the  lens  either  forwards  or  backwards,  and 
partial  dislocation  of  the  lens,  sometimes  give  rise  to  glaucoma. 

^  Foreign  bodies  in  the  globe  may  cause  glaucomatous  tension  ; 
this,  again,  is  probably  generally  by  wound  of  the  lens  and  iris 
or  ciliary  body. 

Sarcoma  of  the  choroid  and  glioma  of  the  retina  are  usually 
attended  at  some  period  of  their  history  by  a  rise  of  tension. 
This  sign  occurring  in  an  eye  with  retinal  detachment  is  strong 
evidence  in  favour  of  an  intra-ocular  new-growth. 

Sym2Jtoms.— Increased  tension  is  the  chief  sign  of  secondary 
glaucoma.  The  other  symptoms  of  contracted  field,  haloes,  im- 
paired visual  acuity,  and  changes  in  the  refractive  condition 
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are  seldom  to  be  made  out,  on  account  of  the  lesions  of  ^the 
cornea,  iris,  lens,  &c. 

The  treatment  of  secondary  glaucoma  must  vary  with  the 
cause.  In  the  case  of  a  dislocated  lens  being  the  cause  of  the 
trouble,  an  attempt  should  be  made  to  remove  it  (seep.  346). 
Where  the  iris  is  adh^^-ent,  either  anteriorly  or  posteriorly, 
iridectomy  (see  p.  204)  should  be  performed.  When  the  eye 
is  quite  blind  and  the  media  opaque,  if  it  is  painful,  and  espe- 
cially if  the  other  eye  remains  unaffected,  it  probably  contains  a 
tumour,  and  should  therefore  be  excised. 

The  after-treatment  of  iridectomy  or  sclerotomy  for  glau- 
coma is  simple  enough.  After  iridectomy,  the  eyelids  are  closed 
and  covered  with  a  piece  of  wet  lint  and  a  light  bandage. 
After  sclerotomy,  the  bandage  is  generally  dispensed  with  alto- 
gether, and  the  eyes  shaded  from  the  light.  On  the  second  or 
third  day  the  use  of  eserine  (F.  26)  should  be  resumed.  The 
general  health  should  be  supported  by  tonics,  any  excess  in 
diet,  and  especially  in  alcoholic  drinks,  being  avoided.  Any 
constitutional  dyscrasia,  as  gout  or  rheumatism,  should  be  com- 
bated by  suitable  remedies.  For  the  first  few  days  the  patient 
had  better  be  kept  in  bed,  and  should  not  leave  the  darkened 
room  for  at  least  a  week.  After  that  time  he  should  wear 
spectacles  of  the  darkest  neutral  tint ;  he  should  avoid  over-use 
of  the  eyes,  and  be  as  far  as  possible  removed  from  over-work 
and  worry. 
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THE  REFRACTION  OF  THE  EYE 
By  John  Gkiffith  and  Henry  Juler. 

T.  OPTICAL  PRINCIPLES.  —  II.  THE  EYE  CONSIDERED  AS  AN  OPTICAL  IN- 
STRUMENT.— III.  NORMAL  REFRACTION. — IV.  ERRORS  OF  REFRACTION. — 
V.  LENSES.  —  THE  OPHTHALMOSCOPE.  —  VI.  METHODS  OF  ESTIMATING- 
REFRACTION. — VII.  GENERAL  CONSIDERATIONS. 

Section  I. — Optical  Principles. 

From  every  point  on  the  surface  of  an  illuminated  or  luminous 
object  light  is  given  off  in  every  direction  in  straight  lines. 
Hence  the  light  from  any  such  point  may  be  considered,  and 
represented  diagrammatically,  as  fine  radiating  lines ;  such 
imaginary  lines  are  called  rays.  Adjacent  rays  coming  from 
the  same  point  constitute  a  pencil  of  light.  Rays  of  light 
coming  from  any  one  point  must  necessarily  be  divergent :  the 
greater,  however,  the  distance  of  the  source  of  the  light,  the 
more  nearly  will  they  approach  to  parallelism.  Thus,  in  the 
case  of  rays  from  the  sun,  it  is  impossible  by  the  most  accurate 
measurement  to  demonstrate  that  they  are  not  parallel.  Here 
we  shall  be  chiefly  concerned  with  rays  which  enter  the  eye 
through  the  pupil ;  and  of  these  we  may,  for  all  practical  pur- 
poses, consider  as  parallel  those  which  come  from  a  point  distant 
not  less  than  6  metres  (20  feet). 

As  long  as  rays  of  light  travel  in  the  same  medium  they 
continue  their  original  course;  if,  however,  they  pass  into  a 
medium  of  difierent  density,  they  undergo  a  change  of  direction ; 
some  are  reflected,  some  are  refracted,  and  some  absorbed. 

Eeflection  and  refraction  occur  at  the  surface  which  separates 
the  two  media. 
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A.  Eeflection. 

Eeflection  may  occur  at  almost  any  surface,  but  it  is  greatest 
from  the  highly  polished  surface  of  an  opaque  body.  The  laws 
of  reflection  are  as  follows  : 

{a)  The  plane  of  reflection  coincides  with  the  plane  of  incidence. 

If  any  ray  of  light  falls  on  a  reflecting  surface,  it  is  reflected 
in  the  same  vertical  plane,  but  not  along  the  path  of  incidence 
unless  its  original  direction  is  perpendicular  to  the  reflecting 
surface. 

(h)  The  angle  of  reflection  is  equal  to  the  angle  of  incidence. 

The  angles  of  incidence  and  reflection  are  the  angles  which 
the  incident  and  reflected  rays  respectively  make  with  the 
normal  or  perpendicular  to  the  reflecting  sui'face. 


Fiu.  115. — Eeflection  by  a  Plane  Surface. 

In  fig.  115  let  M  be  a  plane  mirror  and  A  B  an  incident  ray 
which  strikes  the  reflecting  surface  at  B  :  it  will  be  reflected  to  C. 
Draw  B  D  perpendicular  to  the  surface  of  the  mirror.  The 
ano-le  of  reflection  D  B  C  is  equal  to  the  angle  of  incidence 
DBA. 

Reflection  by  a  plane  mirror. — ^The  reflection  of  an  object  in 
a  plane  mirror  is  seen  as  a  virtual  erect  image  situated  behind 
the  mirror. 

The  image  and  the  object  are  equidistant  from  the  mirror, 
and  are  always  of  the  same  size. 


liEFLECTION  BY  PLANE  AND  CONCA  VE  SURFACES.  377 

Assuming  the  object  to  be  a  lamp,  the  reflected  rays  would 
appear  to  come  from  a  virtual  image  at  an  equal  distance  behind 
the  mirror. 

In  fig.  116  let  M  be  a  mirror  and  L  a  light,  the  observer  O 
will  see  L  as  if  it  came  from  L',  its  virtual  image.  L  and  L'  ai'e 
equidistant  from  the  mirror  M. 


Fit;.  ilC— Keflection  by  a  Plane  Mirror. 

If  a  'plane  mirroi-  he  rotated  on  anij  axis  inHts  own  plane  the 
virtual  image  of  the  object  moves  in  an  opposite  direction  to  the 
rotation  of  the  mirror. 

In  fig.  117  let  M  be  a  mirror,  0  an  observer,  and  A  B  an 
object  of  which  a  6  is  the  (virtual)  image.  If  the  mirror  M  be 
rotated  upwards  on  its  horizontal  axis  to  M',  a  h  will  move 
downwards  towards  a'  b'  in  order  to  maintain  its  proper  relation- 
ship to  the  mirror  according  to  the  laws  of  reflection.  The  ob- 
server will  see  the  reflection  from  a  different  portion  of  the  mirror. 

Eeflection  by  a  concave  mirror.— In  a  plane  mirror  the  re- 
flected image  was  seen  to  be  always  virtual  and  erect.  The 
image  and  object  appeared  equidistant  from  the  mirror,  but  on 
opposite  sides,  and  always  of  the  same  size  as  one  another.  In  a 
concave  mirror,  however,  three  different  phenomena  may  occur 
according  to  the  relationship  the  object  bears  to  the  principal 
focus  of  the  mirror. 

If  the  object  be  placed  at  the  princi'pal  focus  the  reflected  rays 
are  parallel,  so  that  a  blurred  reflection  without  any  image  is 
seen.  ° 
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If  the  ohjed  he  jjlaced  within  the  X'rind'pal  focus  an  erect,  en- 
larged, virtual  image  of  the  object  is  visible,  whicli  diminishes  in 
size  as  the  object  approaches  the  mirror. 

If  the  object  be  placed  beyond  the  principal  focus  the  reflected 
rays  are  convergent,  and  come  to  a  focus  in  front  of  the  mirror, 
forming  a  real  inverted  image  of  the  object.  The  image  is  the 
same  size  as  the  object  if  the  latter  is  situated  at  the  centre  of 
curvature  ;  larger  if  the  object  is  in  front,  i.e.  between  the  centre 
of  curvature  and  the  principal  focus ;  smaller,  if  beyond  tlie 
centre  of  curvature. 


Fig.  117. — Movemeub  ui  tlie  Virtual  Image  by  rotation  of  the  Mirror. 

To  understand  these  phenomena  it  will  be  necessary  to  ex- 
plain the  reflection  of  simple  rays  from  a  concave  mirror. 

In  a  plane  mirror  all  rays  parallel  to  any  given  perpendicular 
ray  are  themselves  normals  to  the  reflecting  surface. 

In  spherical  mirrors  all  rays  parallel  to  the  principal  axis  are 
brought,  directly  or  indirectly,  to  a  real  or  virtual  focus ;  i.e. 
they  all  meet  in  a  point. 

The  principal  axis  of  a  spherical  mirror  is  an  imaginary  line 
drawn  through  the  centre  of  the  mirror  and  passing  through  its 
centre  of  curvature. 
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All  radii  of  cni-vature  are  themselves  normals,  i.e.  axes  of 
incidence.  Spherical  mirrors,  therefore,  only  differ  from  plane 
mirrors  in  that  each  point  has  its  own  axis  of  incidence. 

In  fig.  1 1 8  let  M  be  a  concave  mirror,  A  B  its  principal  axis, 
and  C  its  centre  ot  curvature ;  any  rays,  D  and  B,  parallel  to 
AB  will  meet  after  reflection  on  A  B  at  F.  P  is,  therefore,  the 
principal  focus  of  the  mirror,  and  /  its  focal  length,  which  is 
half  the  radius  of  curvature  C  P.  To  the  point  H  at  which  the 
parallel  ray  E  H  strikes  M  draw  the  radius  of  curvature  C  H, 
the  angle  C  H  P  is  equal  to  the  angle  CHE.  Since  all  parallel 
rays  come  to  a  focus  at  P,  all  rays  from  P  are  reflected  parallel. 
Eays  from  any  point  within  the  principal  focus  are  reflected 
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divergent.  Rays  from  any  point  beyond  the  principal  focus  are 
reflected  convergent.  Let  L  K  be  a  ray  coming  from  any  point 
L  within  the  principal  focus  P,  and  striking  M  at  K ;  it  will  be 
reflected  towards  G,  diverging  from  the  principal  axis.  Let  N  K 
be  a  ray  from  any  point  N  on  the  principal  axis  between  P  and 
C  ;  it  will  on  reflection  meet  the  principal  axis  at  0  beyond  the 
centre  of  curvature  0.  Conversely,  any  ray  from  0  will  meet 
A  B  at  N  after  reflection.  That  is  to  say,  all  rays  from  N 
would,  after  reflection,  come  to  a  focus  at  0,  and  all  rays  from 
0  would  come  to  a  focus  at  N ;  0  and  N  are  conjugate  foci. 

If  the  object  be  placed  within  the  lyrincipal  focus  a  virtual  erect 
image  is  formed  behind  the  mirror. 

In  fig.  119  let  OP  be  an  object  within  the  principal  focus 
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F;  rays  from  0  P  will  be  reflected  divergent  as  if  coming  from  a 
virtual  image  behind  the  mirror.  From  the  centre  of  curvature 
C  draw  the  axis  of  incidence  COS,  passing  through  the  extremity 
of  the  object  0  P.  From  0  draw  another  ray  0  H  ;  it  will,  ac- 
cording to  the  laws  of  reflection,  be  reflected  towards  K.  The 


Fig.  lit).  — Virtufil  Erect  J  mage  formed  behind  a  Concave  Mirror. 


virtual  image  of  the  point  0  of  the  object  will  be 
situated  at  the  point  o,  where  K  H  (produced)  meets  C  S  ; 
and  all  rays  from  0  will,  after  reflection,  appear  to  proceed  from 
that  point.  Similarly,  the  point  P  will  have  its  virtual  image  at 
p ;  o  p  is,  then,  the  erect  virtual  image  of  the  object  0  P. 


Fig.  120. — Real  Inverted  Image  formed  in  front  of  a  Concave  Mirror. 


If  the  object  be  situated  beyond  the  princvpal  focus  a  real 
inverted  ima(,e  is  fotined  in  front  of  the  mirror. 

In  fig.  120  let  0  P  be  an  object  beyond  the  centre  of  curvature 
C  ;  rays  from  the  object  0  P  will  be  reflected  convergent,  and  will 
form  a  real  in\  erted  image  between  C  and  the  principal  focus  F. 
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From  the  point  0,  the  extremity  of  the  object  0  P,  draw  the 
ray  0  C  G  passing  through  the  centre  of  curvatui'e ;  it  Avill  be  re- 
Hected  back  along  the  same  path,  since  it  is  an  axis  of  incidence, 
l-'rom  0  draw  another  ray  0  D  parallel  to  the  principal  axis  A  B ; 
it  will,  on  reflection,  pass  through  the  principal  focus  F  and 
meet  the  axis  of  incidence  C  G  at  o  ;  all  other  rays  fi-om  0  would 
meet  at  o  ;  therefore  o  is  the  image  of  0.  Similarly  p  can  be 
shown  to  be  the  image  of  P ;  and  since  all  other  jjoints  between 
0  and  P  of  the  object  0  P  have  corresponding  images  between  o 
nndp,  op  is  the  real  inverted  image  of  0  P. 

Let  it  be  supposed  that  op  is  the  object,  its  image  would  be 
0  P  ;  i.e.  the  corresponding  points  which  build  up  the  object 
O  P  and  the  imasfe  o    are  conjugate  foci. 


Fig.  lal.-Movement  of  the  True  Image  by  rotation  of  the  Mirror. 
If  a  concave  mirror  he  rotated  the  real  inverted  aerial  image  of 
■amj  object  loill  move  in  the  same  direction  as  the  rotation  of  that 
inirrnr. 


For  example,  if  a  concave  mirror  be  held  1-5  m.  (5  it.)  from  a 
lamp,  an  inverted  image  of  that  lamp  will  be  formed  just  beyond 
the  principal  focus  of  the  mirror ;  it  will  move  upwards  on  up- 
ward rotation  of  the  mirror,  and  vice  versa. 

Let  the  real  inverted  image  op  of  the  object  OP  (fig  121) 
on  the  principal  axis  A  B,  be  situated  just  beyond  the  principal 
focus  of  the  mirror.  If  the  mirror  be  rotated  upwards  op  will 
move_  upwards.  Kotate  M  to  M' ;  the  object  is  no  longer  on  the 
principal  axis  but  below  it,  for  AB  has  moved  to  A'B'  •  con 
sequently,  by  the  laws  of  reflection,  the  image  will  be  farmed 
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above  A'  B'  at  o'  j/ ;  thus,  the  image  has  moved  upwards  in  the 
same  direction  as  the  rotation  of  the  .mirror. 

Reflection  by  a  convex  mirror. — The  reflection  of  an  ohjed  hif 
a  convex  miirur  is  seen  as  a  small  virtual  aiid  erect  image  behind 
the  min'or. 

Parallel  rays  falling  on  a  convex  mirror  are  reflected  diver- 
gent as  if  coming  from  a  point  behind  the  mirror.  This  point 
is  called  the  virtual  principal  focus  of  the  mirror. 

Divergent  rays  are  reflected  more  divergent  than  parallel 
rays,  and,  being  prolonged  backwards,  meet  at  a  point  within 
the  principal  focns  of  the  mirror. 

Thus  only  distant  objects  can  form  virtual  images  at  the  prin- 
cipal focus ;  the  virtual  images  of  near  objects  are  formed  within  it. 


Fig.  122. — Reflection  by  a  Convex  Mirror. 

In  fig.  122  let  M  be  a  convex  mirror,  C  its  centre  of  curva- 
ture, F  its  principal  focus,  and  /  its  focal  length.  Let  0  P  be 
any  object.  From  the  centre  C  draw  C  0,  a  prolonged  radius  of 
curvature,  meeting  the  extremity  of  the  object  0  P.  Since  0  D 
coincides  with  the  radius  of  curvature  C  D,  it  is  an  axis  of  incidence ; 
so  the  reflected  ray  passes  back  along  the  path  of  incidence. 

From  0  draw  0  K  parallel  to  A  B ;  it  will  be  reflected  to- 
wards L.  Prolong  L  K  backwards,  it  will  meet  the  principal 
axis  at  the  principal  focus,  since  K  L  is  a  reflection  of  a  parallel 
ray.  At  the  point  o  at  which  L  F  crosses  0  C,  all  reflected  rays 
of  the  point  0  will  meet  if  prolonged  backwards  ;  o  is  the  virtual 
image  of  the  point  0  of  the  object.  In  a  similar  manner,  p  may 
be  shown  to  be  the  virtual  image  of  the  point  P.  Therefore,  o_2> 
is  the  virtual  erect  image  of  the  object  0  P. 
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The  size  of  the  image  will  be  to  the  size  of  the  object  as  the 
focal  length/ of  the  mirror  is  to  the  distance  doi  the  object  from 

i  f 

the  centre  of  curvature.    That  is  -  =        (i  =  image,  o  = 

0  d 

object).    Writing  r  for  the  radius  of  curvature,  since    =  2  /"  we 
r 

i       -                       ■                      ^  di 
have  -  =  2  or,  expressed  differently,  r  =  "  • 


"  d 


Any  three  of  these  terms  being  known,  then,  we  can  by  the 
above  formula  find  the  fourth. 

B.  Refraction. 

When  rays  of  light  pass  obliquely  from  one  medium  into 
another  of  different  density,  those  that  are  not  reflected  upon 
entering  the  new  medium  undergo  a  change  of  direction  ;  that  is 
to  say,  they  are  turned  aside  out  of  their  original  course.  They 
continue  their  new  direction  until  they  meet  with  another 
medium,  when  they  will  again  suffer  deflection.  This  change  in 
the  ray's  course  is  called  refraction.  The  direction  and  amount 
of  the  change  depend  on  two  factors — the  difference  in  the  re- 
fracting power  of  the  two  media,  and  the  form  of  the  surface  or 
separation.  As  a  rule,  the  refracting  power  of  a  medium  is  in 
proportion  to  its  density;  thus  glass  is  more  refracting  than 
water,  and  water  than  air,  while  air,  as  compared  with  vacuum, 
has  a  definite  power  of  refraction.  The  following  are  the  laws 
of  refraction :  (1)  A  ray  in  passing  from  a  less  into  a  more  re- 
fracting medium  is  refracted  towards  the  normal.  (2)  In  passing 
from  a  more  into  a  less  refracting  medium  a  ray  is  refracted  away 
from  the  normal.  A  ray  whose  course  coincides  with  the 
normal  undergoes  no  change  of  direction.  The  normal,  in  the 
case  of  a  plane  surface,  is  the  perpendicular  to  the  surface  drawn 
from  the  point  of  contact  of  the  ray;  in  the  case  of  a  spherical 
surface  it  is  identical  with  the  radius  of  curvature. 

It  is  evident  that  if  a  ray  pass  right  through  the  more  re- 
fracting medium  into  the  same  medium  which  it  traversed  before 
at  will  be  refracted  at  the  surfaces  both  of  entry  and  of  exit 

Refraction  at  a  plane  surface.— We  will  consider  first  the 
case  of  a  ray  passing  through  a  piece  of  glass  zvlwse  surfaces 
are  parallel,  as  in  an  ordinary  plate-glass  window.    Let  a  h 
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(fig.  123)  be  such  a  ray  passing  through  n' ;  tlien  at  /i  it  is  refracted 
towards  the  perpendicular  p  h,  and  at  h'  it  is  again  refi*acted 
iiway  from  the  perpendicular  h'  to  the  same  extent — i.e.  the 
amount  of  refraction  is  the  same,  but  its  direction  is  opposite  to 
that  which  it  underwent  on  entering  the  glass ;  hence  its  ulti- 
mate direction  is  parallel  to  that  which  it  originally  liad,  and  it 
has  merely  undergone  parallel  displacement.  The  amount  of 
this  displacement  obviously  depends  on  the  obliquity  with  which 
the  ray  strikes  the  glass,  and  on  the  thickness  of  the  latter.  In 
^11  the  cases  with  which  we  shall  be  concerned  the  parallel 


Fig.  123. -Refraction  through  a  Medium  with  Parallel  Surfaces. 

displacement  may  be  disregarded,  and  rays  which  pass  through 
a  body  whose  surfaces  are  parallel  or  concentric  may  be  con- 
sidered to  be  unchanged  in  their  course,  provided  that  the  media 
on  each  side  of  the  body  have  the  same  power  of  refraction. 

If,  instead  of  being  parallel,  the  surfaces  of  the  glass  converge 
nsin  a  prism  (fig.  124),  the  prolongations  of  the  normals,  h 
and_p'  h',  are  no  longer  parallel,  but  are  directed  towards  the 
base  of  the  prism  ;  hence  the  ray  a  h,  following  the  laws  of  re- 
fraction, will  also  be  refracted  towards  the  base  both  on  entering 
and  leaving  the  glass.  Therefore,  rays  passing  through  a  prism 
■are  refracted  towards  its  hase. 

By  refraction  at  a  plane  surface  the  actual  direction  of  rays 
is  changed,  but  not  their  relative  direction  ;  thus  rays  which 
were  parallel  or  divergent  before  remain  parallel  or  divergent 
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after  refraction.  This  results  from  the  fact  that  the  normals  to 
a  plane  surface  are  parallel  to  each  other. 

Eefraction  at  a  spherical  surface. — If  the  separating  surface 
is  curved  (fig.  125),  the  normals  are  no  longer  parallel,  but,  in 
the  case  of  a  spherical  surface,  meet  at  the  centre  of  curvature ; 
hence  rays  by  refraction  at  such  a  surface  are  rendered  more  or 


Fig.  124. — Kefraction  through  a  Prism, 
less  divergent,  according  as  they  are  made  to  approach  or  recede 
from  the  normals. 

We  will  consider  first  refraction  at  a  single  spherical  surface. 
Let  CD  (fig.  125)  be  a  portion  of  such  a  surface  separating 
the  media  n  and  n',  of  which  n'  is  the  more  refracting,  and  let 
be  its  centre  of  curvature.    Then  lines  drawn  from  7c  to  any 
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Fig.  125. — Eefraction  at  a  Single  Spherical  biuface. 


points  in  C  D  will  constitute  normals  to  the  surface  C  D,  and,  since 
rays  which  coincide  vdth  the  normal  are  unrefracted,  any  ray 
which  is  directed  to  Ic  is  unrefracted — hence  k  is  called  the  ojotical 
centre — (it  coincides  in  this  case  with  the  centre  of  curvature). 
A  line,  a  b,  joining  in  the  centre  of  C  D  (K)  with  A;,  is  called 
the  principal  axis  of  the  surface ;  all  other  rays  which  pass 
through  h  are  called  seconda/ry  axes. 

C  C 
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Let  ah'  be  a  ray  parallel  in  n  to  the  principal  axis  A  u. 
Draw  the  normal  h'h-,  then  at  the  point  h'  the  ray  ah'  will  be 
refracted  towards  W  Ic,  and  would  intersect  the  principal  axis  A  B 
at  F.  In  the  same  way  any  other  ray  parallel  in  n  to  the  prin- 
cipal axis  would  intersect  it  at  F.  The  point  at  which  the  rays 
of  a  pencil  meet  after  refraction  is  called  a  focus.  The  focus  for 
parallel  rays  is  called  the  principal  focus.  The  distance  (h  F)  of 
the  principal  focus  from  the  refracting  surface  is  called  theprm- 
cipal  focal  distance.  Eays  parallel  to  any  secondary  axis  are 
focussed  on  that  axis  in  the  same  vertical  plane  as  the  principal 
focus  ;  this  plane  {F  F')  is  called  the  principal  focal  plane.^ 

The  radius  of  curvature  (r)  of  the  refracting  surface,  and 
the  relative  refracting  power  of  the  two  media  (n  and  n')  being 
known,'  the  principal  focal  distance  F  can  be  found .rby  the 
formula — 


(1)  F-.  ''''' 


n  — n 

Rays  coming  from  n'  and  passing  into  n  are  of  course  subject  to  the 
same  laws,  so  that  rays  which  are  parallel  to  the  principal  axis  in  n' 
will  have  their  focus  on  it  in  w  ;  this  is  called  the  anterior  focus 
(F^).  Its  distance  from  the  refracting  surface  can  be  found  by  the 
formula — 

(la)  

n'  —  n 

Now  let  a  ray  fh'  (fig.  126),  instead  of  being  parallel  to  the 
principal  axis  A  B,  come  from  some  point,  /,  on  it ;  since  fh' 
•diverges  from  A  B,  it  meets  the  normal  h'  h  at  a  greater  angle 
than  if  it  were  parallel  to  A  B,  so  that  the  same  change  in  its 
direction  will  not  cause  it  to  intersect  A  B  at  F,  but  at  some 
greater  distance,  /' ;  and  any  other  rays  from  /  would  meet  at 
/'^  Conversely,  if  we  considered  the  rays  as  starting  from  /' 
they  would  be  focussed  at  /,  hence  the  two  points  /  and  f  are 
said  to  be  conjugate  foci.  Conjugate  foci  are  situated  on  the 
same  axis.  The  principal  focal  distance  {F)  being  known,  the 
conjugate  focus  (/"')  of  any  point  (/)  can  be  found  by  the  for- 
mula— 

(2)  -L=-L  +  l 

^  ^  F      f  f 

>  It  would  be  more  accurately  represented  by  the  arc  of  a  circle  having  k 
i.s  centre,  and  It  Fa.s  radius. 
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provided  that  the  foci  are  on  opposite  sides  of  the  refracting 
surface ;  the  case  in  which  they  are  both  on  one  side  will  be 
considered  presently. 

If  the  positions  of  k  and  F  are  known,  the  conjugate  focus  of  / 
■can  also  be  found  by  construction.  Draw  hk  (fig.  126)  parallel  to 
fh'  ;  prolong  it  to  meet  the  principal  focal  plane  at  F'  ;  then  h  F' 
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Fig.  12G.— Conjugate  Foci  ou  oppobite  sides  of  Refracting  Surface. 


forms  a  secondary  axis.  Since  fh'  is  parallel  in  n  to  the  secondary 
■axis,  h  F',  it  will  after  refraction  intersect  the  latter  at  the  principal 
focal  plane  F  F',  i.e.  at  F',  but  the  conjugate  focus  of  f  must  lie  on 
A  B  ;  prolong  h'  F'  until  it  intersects  A  B,  and  the  point  of  inter- 
section, y,  will  be  the  conjugate  focus  of  f. 


Both  from  the  formula  (2)  and  from  fig.  126  it  is  evident  that 
the  nearer  /  is  brought  to  the  refracting  surface  the  farther  will 




k  ' 

Fig.  127.— Conjugate  Foci  on  the  same  side  of  Eefracting  Surface. 


f  recede  ;  when  the  distance  of  /  from  the  surface  is  equal  to 
twice  the  principal  focal  distance  (f=2F),  f  will  be  at  the  same 
distance  on  the  other  side ;  so  we  get  this  rule  : 

When  conjugate  foci  a/re  at  equal  distances  from  the  refracting 
■mrface,  that  distance  is  double  that  of  the  principal  focus. 

c  c  2 
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Iff  coincides  with  F%  the  rays  in  n'  will  be  parallel ;  if  it  is 
brought  still  nearer  to  the  refracting  surface,  as  in  fig.  127,  the 
rays  will  diverge  in  n',  and  therefore  would  only  meet  if  pro- 
longed backwards,  so  that  the  conjugate  focus  of  /  would  now 
be  on  the  same  side  of  the  refracting  surface  (/',  fig.  127). 

The  conjugate  focus  of  /  is  now  said  to  be  negative,  and  i& 
a  virtual,  as  distinguished  from  a  real,  focus — i.e.  it  is  not  formed 
by  a  meeting  of  the  actual  rays,  but  of  their  imaginary  prolonga- 
tions ;  and  formula  (2)  must  now  be  altered  by  giving  the  minus, 
sign  to      so  that  it  becomes  : 

(^*)  

So  far  we  have  considered  refraction  at  one  spherical  surface- 
only;  if,  however,  a  ray  passes  through  the  more  refracting- 
medium,  and  again  emerges  into  the  less  refracting,  it  is  re- 
fracted again  at  the  second  surface. 

Lenses  are  portions  of  a  highly  refracting  substance,  gene- 
rally glass,  having  one  or  both  surfaces .  curved.  Those  with 
which  we  shall  deal  at  present  are  biconvex  and  biconcave,  and 
their  surfaces  are  portions  of  a  sphere ;  they  are  therefore  called 
spherical  lenses  ;  later  on  we  shall  have  to  deal  with  cylindrical 
lenses. 

A  biconvex  lens  renders  rays  less  djhv&)'gent,  and  a  biconcave 
renders  them  more  divergent,  at  both  surfaces. 

If  parallel  before  refraction,  the  convex  lens  will  render 
them  convergent,  and  the  concave  divergent. 

The  above  rule  as  to  the  action  of  lenses  only  applies  if,  as  is 
usually  the  case,  the  material  of  the  lens  is  more  refracting  than  the 
medium  in  which  it  is  placed  ;  if  these  conditions  are  reversed,  the 
convex  lens  becomes  a  diverging  and  the  concave  a  converging  lens. 
Divers  sometimes  use  spectacles  in  which  the  lenses  are  formed  of 
air,  i.e.  they  are  composed  of  two  curved  plates  of  glass  enclosing  a 
cavity  which  is  the  shape  of  a  concave  lens,  and  contains  air.  A 
concave  air-lens  of  this  nature,  when  used  in  water,  has  the  same 
efifect  as  a  convex  glass-lens  in  air.    In  air  it  would  have  no  action.  ] 

In  a  bispherical  lens,  the  prindpal  ads  is  the  line  joining 
the  centres  of  curvature  of  the  two  surfaces  (c  c',  fig.  128). 

In  considering  refraction  at  a  single  surface,  we  saw  that 
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rays  which  passed  through  the  optical  centre  (which,  in  that 
case,  coincided  with  the  centre  of  curvature)  underwent  no 
change  of  direction ;  in  double  refraction,  the  only  ray  whose 
course  remains  absolutely  unchanged  is  the  one  which  coincides 
with  the  principal  axis;  for  every  bispherical  lens,  however, 
there  are  two  ^  nodal  points^  (Ic^  Ic"^,  fig.  128),  whose  relation  to 
each  other  is  such  that  a  ray  which  is  directed  to  the  one  before 
refraction  is  directed  to  the  other  after  refraction,  and  its  course 
is  then  parallel  to  its  previous  direction.  The  ray  a  b  (fig.  128) 
therefore  undergoes  parallel  displacement;  it  is  evident,  how- 
ever, that,  except  in  very  thick  lenses,  or  with  great  obliquity  of 
the  incident  ray,  a  very  trifling  difference  would  be  made  by 
drawing  the  ray  through  a  point  o  between  the  nodal  points. 


Fig.  128.— Axes  of  a  BL-pherical  Lens. 

Such  a  point  constitutes  the  optical  centre,  and  rays  which  pass 
through  it  may,  for  all  practical  purposes,  be  considered  to 
undergo  no  change  in  their  direction,  and  to  constitute  second- 
ary axes. 

The  principal  focus  of  a  bispherical  lens  is  found  by  the  fol- 
lowing formula,  r  being  the  radius  of  the  first  surface,  and  r' 
that  of  the  second,  and  n'  and  n  the  refractive  indices  ^  of  the 
material  of  which  the  lens  is  made,  and  of  the  medium  in  which 
it  is  placed,  respectively : 

(3)    .    .    .  . 

'  The  index  of  refraction  of  any  substance  is  its  refractive  power  as  com- 
pared with  that  of  air,  the  latter  being  expressed  by  unity, 
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In  most  bispherical  lenses,  the  curvature  of  both  surfaces  is 
the  same ;  and,  as  the  index  of  refraction  of  glass  is  approxi- 
mately 1-5,  and  that  of  air  is  1-0,  the  formula  becomes : 

1  (1-5-1)2 

that  is  to  say,  in  bispherical  lenses  with  similar  surfaces  the 
principal  focal  distance  is  equal  to  the  radius  of  curvature. 

Conjugate  foci  are  found  by  formulae  (2)  and  (2  a),  as  in 
single  refraction. 

At  the  conjugate  focus  of  any  point  an  exact  image  of  the 
point  is  formed.  When  the  image  is  formed  by  the  actual 
meeting  of  the  rays  it  is  said  to  be  real,  when  it  is  only  formed 
by  an  imaginary  prolongation  of  the  rays  it  is  said  to  be  virtual. 

The  image  of  an  object  is  the  sum  of  the  images  of  all 


FiCi.  1:^9. — A  Keal  Inverted  Image  formed  by  a  Convex  Lens. 


points  of  the  object.  The  position  and  size  of  the  image  can 
therefore  be  found  by  finding  the  position  of  the.  conjugate 
focus  of  the  extreme  points  of  the  object.  For  the  images  of  all 
the  other  points  of  the  object  will  lie  between  these,  and  in  the 
same  focal  plane. 

As  rays  coming  from  any  point  on  an  axial  ray  are  focussed 
on  the  same  axis,  and  as  the  course  of  the  latter  is  not  changed, 
it  follows  that  the  size  of  the  image  in  relation  to  that  of  the 
object  is  the  same  as  the  relation  of  their  distances  from  the 
optical  centre.^ 

Examples. — If  the  object  (a  b,  fig.  129)  be  situated  at  more 
than  twice  the  principM  &cal  distance,  the.  image  {b'a')  is 
smaller  than  the  object,  real,  and  inverted. 

>  Strictly  speaking,  as  the  distance  of  the  image  and  the  object  respectively 
from  the  nodal  point  which  is  situated  on  the  same  side  of  the  optical  centre. 
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If  situated  at  twice  the  principal  focal  distance,  it  is  of  the 
same  size,  real,  and  inverted. 

The  farther  the  object  from  the  lens  the  nearer  -will  be  its 
inverted  image  to  the  principal  focus  of  the  lens. 


Fig.  130. — No  Image  is  formed  of  an  Object  situated  at  the 
Principal  Focus  of  a  Convex  Lens. 

If  the  object  is  beyond  the  principal  focal  distance,  but  at 
less  than  twice  that  distance,  the  image  is  larger  than  the 


Fig.  131. — A  Large  Virtual  Erect  Image  formed  by  a  Convex  Lens, 
object,  real,  and  inverted.    This  will  be  seen  if,  in  fig.  129,  a'  U 
is  considered  as  the  object,  and  a  &  as  the  image. 


Fig.  132.— a  Small  Virtual  Image  formed  by  a  Concave  Lens 
If  situated  at  the  principal  focus  (fig.  130),  the  rays  would 
be  parallel,  and,  as  they  would  never  meet,  no  image  would  be 
formed. 


392 


THE  REFRACTION  OF  THE  EYE. 


If  nearer  still  (fig.  131),  tlie  rays  would  be  divergent,  and 
would  therefore  only  meet  when  prolonged  backwards;  the 
image  is  therefore  larger  than  the  object,  virtual,  and  erect. 
Such  an  image  could  only  be  seen  by  looking  through  the 
lens.  .  _  

With  a  concave  lens  (fig.  132)  the  image  is  always  smaller 
than  the  object,  virtual,  and  erect. 

When  the  image  is  real  it  can  be  projected  on  to  a  screen, 
but  this  cannot  of  course  be  done  with  virtual  images,  which 
can  only  be  seen  by  looking  through  the  lens. 

Spherical  aberration. — We  have  hitherto  assumed  that  rays 
coming  from  any  point  are  accurately  focussed  in  a  point ;  this  is, 
however,  only  true  of  those  which  fall  upon  the  refracting  surface  at 
no  great  distance  from  its  principal  axis.  As  long  as  the  aperture 
of  a  lens  (i.e.  the  angle  formed  by  lines  drawn  fr6ni  its' edges  to  the 
principal  focus)  does  not  exceed  12°,  the  error  from  this  source  may 
be  disregarded.  But  rays  which  fall  upon  the  refracting  surface 
beyond  this  limit  are  refracted  more  powerfully  than  the  more 
central  rays ;  this,  which  is  called  sjoherical  aberration^  causes 
slight  loss  of  definition  in  an  image  ;  it  can  be  overcome  in  optical 
instruments  by  the  use  of  diaphragms,  by  employing  refracting 
surfaces  whose  curves  are  parabolic,  and  by  a  combination  of  lenses. 

Chromatic  aberration. — Impaired  definition  of  the  image  also 
arises  from  the  fact  that  all  the  constituents  of  colourless  light  are 
not  equally  refracted  ;  thus  the  red  waves  are  the  least,  the  violet 
the  most  refractile  (see  Chapter  X.)  If  an  image  of  a  brightly 
illuminated  white  spot  be  formed  on  a  screen  by  a  lens,  the  central 
part  will  be  white  because  there  all  the  rays  are  combined,  but  the 
edge  will  be  fringed  with  colour  ;  this  is  called  chromatic  aberration, 
and  is  overcome  in  optical  instruments  by  using  a  combination  of 
lenses  composed  of  difierent  materials. 

Section  II. — The  Eye  considered  as  an  Optical  Instrument. 

For  distinct  vision  three  factors  must  be  associated  :  (1)  well- 
defined  images  of  external  objects  must  be  formed  on  the  retina 
at  the  posterior  pole  of  the  eye. 

(2)  The  nervous  elements  of  the  retina  which  correspond  to 
this  image  must  be  stimulated,  and  the  efiect  be  conducted  to 
the  brain. 

(3)  The  mind  must  be  able  to  interpret  correctly  the  impres- 
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sions  thus  received.  Tlie  first  is  the  result  of  the  optical  proper- 
ties of  the  eye,  and  with  it  alone  we  are  here  concerned. 

The  eye  is  a  closed,  nearly  spherical,  chamber,  measuring 
22-2  mm.  in  its  antero-posterior  diameter.  It  is  almost  imper- 
vious to  light  except  in  front,  where  it  is  closed  in  by  a  trans- 
p)arent  membrane,  the  cornea,  which  is  more  sharply  curved  than 
the  opaque  portion  of  the  investing  tunic,  having  a  radius  of 
■curvature  of  nearly  8  mm. 

The  opaque  portion  of  the  sphere  is  formed  by  a  firm  fibrous 
membrane,  the  sclerotic,  whose  structure  is  continuous  with  that 
of  the  cornea.  This  is  lined  by  an  extremely  vascular  membrane, 
the  choroid,  and  this  again  by  a  layer  of  nervous  tissue,  the  re- 
tina, which  is  an  expansion  of  the  optic  nerve.  The  latter  enters 
the  eye  a  little  to  the  inner  side  of  its  posterior  pole  through  an 
aperture  in  the  sclerotic  and  choroid. 

The  eye  contains  a  transparent  fluid,  the  aqueous  humour, 
and  a  transparent  gelatinous  substance,  the  vitreous ;  the  refrac- 
tive indices  of  these  are,  however,  almost  the  same,  and  for  opti- 
cal purposes  they  may  be  considered  as  a  single  medium,  having 
a,n  index  of  refraction  of  1-337. 

Since  the  surfaces  of  the  cornea  are  parallel,  rays  passing 
thi'ough  it  alone,  from  air  on  the  one  side  into  air  on  the  other, 
would  merely  undergo  parallel  displacement.    Its  thickness  may 
therefore  be  disregarded,  and  it  may  be  looked  upon  as  the  sur- 
face of  separation  between  the  air  and  the  intra-ocular  fluids.  If 
this  constituted  the  whole  of  the  refracting  system  of  the  eye,  as 
it  does  after  the  operation  of  cataract  extraction,  its  principal 
focal  distance  calculated  by  formula  (1)  would  be  about  31*5 
mm. ;  but  suspended  in  the  eye,  between  the  aqueous  and  the 
vitreous,  is  a  biconvex  lens  of  still  more  highly  refracting  sub- 
stance; this  is  placed  in  the  eye  in  such  a  position  that  its  optical 
centre  is  5-8  mm.  behind  the  anterior  surface  of  the  cornea.  The 
eflFect  of  this  combination  is  such  that  the  principal  focus  for  the 
whole  eye  is  22-2  mm.  from  the  cornea,  that  is,  on  the  retina. 
The  following  are  the  optical  constants  of  the  normal  eye  which 
are  the  most  important  (Helmholtz)  : 

Kadius  of  curvature  of  cornea   8 

„       anterior  surface  of  lens  10 

„      posterior  surface  of  lens        .       .  « 
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Distance  from  anterior  surface  of  cornea : 

To  anterior  surface  of  lens  .  

To  posterior  surface  of  lens  7  2 

To  principal  focal  point        .   22-2 

The  nodal  points  are  only  0-4  mm.  apart,  and  may  be  re- 
placed by  an  optical  centre  situated  at  the  posterior  surface  of 
the  lens. 

The  part  of  the  retina  which  is  most  sensitive  is  that  known 
as  the  '  yellow  spot,'  and  for  accurate  vision  it  is  necessary  that 
the  retinal  image  should  be  formed  on  this. 

The  angle  alpha  and  the  angle  gamma  (fig.  133). — An  imaginary 
line  drawn  thi-ough  the  centre  of  the  cornea,  through  the  nodal  point 

and  centre  of  rotation  to  the  posterior 
pole  of  the  eye,  is  called  the  qpiic  axis  ;. 
it  divides  the  eyeball  into  symmetrical 
halves,  and  is,  therefore,  the  geometrical 
axis  of  the  eye  (fig.  133,  A  a'). 

The  visual  axis  (o  p)  is  the  line  of 
connei;tion  between  the  object  looked 
at  and  the  yellow  spot  ;  it  passes 
through  the  nodal  point  n,  crossing  the 
optic  axis,  and  emerges  from  the  eye 
internal  to  the  centre  of  the  cornea,  A 
line  drawn  from  the  object  looked  at  to 
the  centre  of  rotation  is  called  the  linr 
of  fixation  (Or).  The  angle  formed  by 
the  line  of  fixation  with  the  optic  axis 
is  called  the  angle  gamma  (y)  ;  the  size 
of  this  angle  varies  with  the  refraction 
of  the  eye  :  it  increases  in  hyperme- 
tropia  ;  it  diminishes  in  myopia,  so 
that  sometimes  the  line  of  fixation 
coincides  with  the  optic  axis,  or  even 
a  negative  angle  may  be  formed  by  the 
line  of  fixation  being  external  to  the 
optic  axis.  These  alterations  in  the 
angle  gamma  give  rise  to  apparent 
squints  (see  Strabismus),  convergent  in 
myopia,  divergent  in  hypermetropia. 
The  cornea  forms  part  not  of  a 
sphere,  but  of  an  ellipse,  the  major  axis  (c  c')  of  which  meets  the  cornea, 
as  a  rule,  just  outside  the  optic  axis.    Tlie  angle  formed  by  the  major 
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133.— The  Angles  '  Alpha  ' 
and  •  Gamma.' 
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axis  of  the  corneal  ellipse  with  the  visual  axis  is  called  the  angle 
alpha  (a).  The  knowledge  of  the  latter  angle  is  of  value  in  ex- 
plaining the  cause  of  apparent  deviations  when  the  angle  y  is  found 
upon  examination  to  be  its  natural  size.  The  size  of  the  angle  y  is 
estimated  by  the  use  of  the  perimeter  ;  it  is  in  emmetropia  about  5°. 

In  distant  vision  the  visual  axes  are  parallel,  the  optic  axes 
diverge,  and  so,  to  a  still  greater  extent,  will  the  major  axes  of  the 
corneal  ellipses  ;  tlie  light  falling  on  their  summits  gives  to  the  eyes 
an  appearance  of  divergence.  Similarly,  by  a  reversion  of  these  cor- 
neal points  an  appearance  of  convergence  may  be  noticed. 

The  diojotric  system  of  the  eye  consists,  then,  of  three  refract- 
ing surfaces — the  cornea,  and  the  anterior  and  the  posterior 
surfaces  of  the  lens  ;  and  of  three 
refracting  media — the  aqueous, 
lens,  and  vitreous  ;  the  first  and 
third,  however,  have  the  same 
index  of  refraction.  Rays  en- 
tering the  eye  are  refracted  at 
each  of  the  three  refracting  sur- 
faces, each  refraction  rendering 
them  more  convergent.  In  front 
of  the  lens  is  the  iris,  which 
forms  a  diaphragm  whose  aper- 
ture can  be  varied. 

Artificial  eye.  —  Mr.  Adams 
Frost  has  invented  a  very  useful 
instrument  in  the  form  of  an  arti- 
ficial eye  for  learning  the  practical 
use  of  the  ophthalmoscope  and 
for  demonstrating  the  optical  pro- 
perties of  the  natural  eye  (see  fig. 
134). 

Its  simplicity  makes  it  useful 
to  all,  even  to  those  who  do  not 
possess  more  than  the  most  ele- 
mentary knowledge  of  optical  principles.    It  is  an  inexpensive  in- 
strument, and  therefore  easily  obtainable. 

The  method  of  estimating  and  correcting  errors  of  refraction  can 
be  completely  mastered  by  its  use.  It  is,  besides,  of  great  value  in 
teachmg  students  the  use  of  the  ophthalmoscope  when  it  is  im- 
possible to  obtain  patients. 


Fig.  134.— Frost's  Artificial  Eye. 
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The  dioptric  system  of  the  eye  is  represented  by  a  biconvex  lens 
of  40  mm.  focus.  Immediately  in  front  of  this  is  a  disc  containing 
diaphragms  of  several  sizes,  to  represent  different- sized  pupils.  By 
means  of  a  rack  and  pinion  the  length  of  the  eye  can  be  varied  be- 
tween 30  and  65  mm.,  the  distance  of  the  retina  from  the  posterior 
nodal  point  being  shown  by  an  index  on  a  scale.  There  are  two  sur- 
faces to  represent  the  retina :  the  one,  a  ground  glass,  divided  into 
millimetres— so  that  the  formation  of  images  can  be  seen  and  their 
size  measured  ;  the  other  painted  to  represent  a  normal  fundus.  In 
front  of  the  lens  are  two  fixed  clips  A  and  b,  placed  respectively  at  5 
and  10  mm.  from  the  anterior  nodal  point ;  while  a  third  (c)  clip 
travels  on  a  graduated  bar  which  can  itself  be  lengthened,  shortened, 
or  removed,  and  is  constructed  to  hold  a  lens,  test-object,  or  a  ground- 
glass  screen. 

Tables  showing  mode  of  representing  various  degrees  of  ametro- 
pia are  upon  the  foot-support  of  the  artificial  eye,  although  they 
are  not  shown  in  the  figure. 


MYOPIA 

HYPERMETROPIA 

Correcting 
Leus  in  A 

-1  D 
-2  D 
-3  D 
-4  D 
-5  D 
-6  D 
-7  D 
-8  D 

Length  of  Eye 

41-66 

43-47 

45-36 

47-44 

49-7 

52-17 

64-83 

57-77 

Correcting 
Lens  in  A 

1  D 

2  D 

3  D 

4  D 

5  D 

6  D 

7  D 

8  D 

Lengtli  of  Eye 

38-45 

37-0 

35-65 

34-38 

33-19 

32-06 

31-0 

30 

To  i-epresent  Emmetropia,  adjust  the  artificial  eye  so  that  the 
index  points  to  40 — the  retina  is  at  the  principal  focus  of  the  lens, 
when  the  eye  will  be  emmetropic.  If  the  ground-glass  retina  is 
placed  at  the  back,  and  the  eye  directed  to  some  distant  object,  it 
■will  be  clearly  seen  as  an  inverted  image  on  the  glass  retina.  This 
is  the  appearance  seen  on  the  ground-glass  or  focussing  screen  of 
a  camera  while  taking  a  landscape  photograph.  Direct  the  eye  to 
some  near  object ;  the  retinal  image  is  out  of  focus  ;  if  a  convex  lens 
be  now  placed  in  A,  its  focus  coinciding  with  the  position  of  the 
object,  the  latter  will  form  a  clear  image  on  the  retina.  In  the 
living  eye  this  accommodation  for  near  objects  is  accomplished  by 
increasing  the  convexity  of  the  crystalline  lens.  In  this  respect  the 
eye  difiers  from  a  photographic  camera,  which  otherwise  it  closely 
resembles.    In  taking  a  portrait,  the  camera  is  accommodated  for 
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near  objects  by  increasing  the  distance  between  the  optical  centre 
of  the  lens  and  the  focussing  screen.  The  artificial  eye  with  a  glass 
retina  is  practically  a  diminutive  camera  ;  the  natural  eye  is  analo- 
gous, the  retina  taking  the  part  of  the  sensitive  plate  ;  the  chemical 
change,  however,  produced  in  the  retina  by  the  images  of  external 
objects  is  transitory,  whereas  in  a  sensitive  plate  it  is  permanent. 

Remove  the  ground-glass  retina  and  affix  the  painted  retina. 
In  looking  directly  into  the  eye  without  an  ophthalmoscope,  no- 
thing can  be  seen,  all  is  dark  within,  because  the  observer's  head 
intercepts  the  rays  of  light  which  should  enter  the  eye,  so  that  by 
their  reflection  from  the  retina  the  details  of  the  fundus  may  be  seen. 
The  ophthalmoscope  was  invented  to  overcome  this  difficulty  :  the 
mirror  reflects  the  light  into  the  eye  and  the  central  aperture  in  it 
allows  the  returning  rays  to  enter  the  observer's  eye. 

On  ophthalmoscopic  examination  by  the  direct  method,  the  details 
of  the  fundus  (painted  retina)  can  be  clearly  seen  if  the  observer  can 
completely  suspend  his  accommodation,  otherwise  the  details  will  be 
ill-defined  and  only  clearly  seen  by  adding  concave  lenses.  It  is 
very  difficult  at  first  to  relax  one's  accommodation  upon  looking  at 
so  near  an  object.  The  image  of  the  fundus  is  erect  and  magnified. 
If  the  head  be  gradually  withdrawn  from  the  eye  the  details  will 
disappear,  though  the  whole  pupillary  area  maintains  its  illumina- 
tion ;  owing  to  the  rapid  divergence  of  the  issuing  axial  rays,  and 
consequently  the  rays  parallel  to  them,  only  a  small  area  of  the  fundus 
is  seen,  yet  sufficiently  magnified  to  illuminate  the  whole  pupil. 

By  the  indirect  method  the  fundus  details  are  seen  inverted.  This 
is  due  to  the  fact  that  the  eye  has  been  rendered  so  myopic  by  the 
strong  convex  lens  held  in  front  of  it  that  its  far-point  is  at  the  prin- 
cipal focus  of  the  lens  (about  3  inches)  ;  this  image  is  seen  by  the 
observer. 

Replace  the  ground-glass  retina,  and  fix  in  the  rod  supporting  the 
clip  c.  Place  in  A  the  lens  +  10  D.  If  the  ground-glass  screen  be 
placed  in  c  10-5  cm.  from  the  eye,  and  the  latter  placed  with  its  retina 
towards  a  good  light,  an  inverted  image  of  the  markings  on  the 
retina  will  be  formed  at  its  conjugate  focus  on  the  ground-glass 
screen. 


I  more 


Myopia  can  be  produced  by  lengthening  the  artificial  eye  to  i  . 

than  40  mm.  Since  the  retina  now  lies  beyond  the  principa"l 
focus  of  the  lens,  only  diverging  rays  can  be  focussed  on  the  glass 
retina.  Retain  the  ground-glass  screen  in  the  clip  c,  but  remove  the 
strong  convex  lens.  Move  the  screen  along  the  bar  until  the  cross 
lines  on  the  glass  retina  become  clearly  visible  and  distinct  upon  it  • 
this  is  the  punctum  remotum  [p.r.,  or  far-point)  of  the  eye.  The 


398 


THE  REFRACTION  OF  THE  EYE. 


longer  the  eye  is  made,  the  shorter  the  distance  of  its  p.r.  Replacing 
the  painted  fundus  and  examining  by.  the  direct  method,  no  definite 
details  will  be  seen  unless  concave  lenses  be  used  ;  the  lowest  concave 
lens  with  which  the  fundus  details  are  distinct  is  the  measure  of  the 
amount  of  myopia.  If,  using  the  mirror  alone,  the  head  be  withdrawn, 
the  details  of  the  fundus  will  be  seen  distinctly  as  an  inverted  image  ; 
this  is  the  real,  inverted,  aerial  image  corresponding  to  the  p.r.  of  the 
eye.  The  '  far-point '  of  the  myopic  eye  can  be  found  by  the  following 
formula,  F  being  the  principal  focal  distance  of  the  lens=40  mm., 
f  the  distance  of  the  retina  from  the  lens,  p.r.  the  *  far-point ; '  then 

1  1^_1 

So  that,  if  the  eye  were  lengthened  to  50  mm.,  the  p.r.  would  be  at 
200  mm.— 

Ill 

—  =  -r^r{—Kt\  ;  i-e.  iJ.r.=200  mm. 
p.r.    40    50  '  ^ 

In  order  that  a  lens  shall  correct  the  myopia,  it  is  necessary 
for  its  principal  focus  to  coincide  with  the  'far-point,'  so  that 
it  will  render  parallel  rays  divergent  as  if  they  came  from  that 
point. 

In  indirect  ophthalmoscopic  examination  the  image  will  increase 
in  size  as  the  lens  is  withdrawn  from  the  eye. 

By  retinoscopy,  the  shadow  will  be  seen  to  move  in  the  same  direc- 
tion as  the  rotation  of  a  concave  mirror.  Replace  the  glass  retina  and 
fix  the  ground-glass  screen  at  the  p.r.  of  the  myopic  eye.  Impinge 
upon  the  back  of  the  glass  retina  by  means  of  a  convex  lens  a  circu- 
lar diflFusion  image  of  some  luminous  source  ;  an  image  of  it  is  formed 
on  the  glass  screen.  Make  the  difi'usion  image  on  the  glass  retina 
move  upwards  ;  the  image  on  the  screen  will  move  downwards  ;  i.e. 
the  image  at  the  punctum  remotum  moves  in  an  opposite  direction 
to  the  movement  of  the  diffusion  image  on  the  retina. 

To  represent  Hypermetropia,  shorten  the  eye  to  less  than  40  mm. ; 
the  o-round-glass  retina  now  lies  within  the  principal  focus  of  the 
lens*;  only  convergent  rays,  then,  can  come  to  a  focus  on  the  retina, 
and  since  no  such  rays  exist  in  nature  it  is  impossible  to  see  any 
clear  images  of  distant  objects  on  the  glass  retina. 

By  direct  ophthalmoscopic  examination  the  details  of  the  fundus 
{painted  retina)  can  be  distinctly  seen  without  the  use  of  any  lens  in 
the  ophthalmoscope,  because  the  observer  can,  by  accommodating, 
focus  divercring  rays  on  his  retina— i.e.  by  increasing  the  strength  of 
his  own  lens  and  so  making  up  for  the  deficiency  which  exists  in  the 
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artificial  eye  or  the  eye  of  any  person  under  examination.  The  ac- 
commodation will  give  vfB,y  joari passu  vfith.  the  addition  of  convex 
lenses,  allowing  the  fundus  details  to  be  seen  distinctly  with  several 
diflferent  lenses  ;  the  highest,  however,  with  which  the  details  are  seen 
clearly  is  the  measure  of  the  amount  of  hypermetropia. 

If,  using  the  mirror  alone,  the  observer  withdraws  his  head,  he 
will  see  an  erect  image  of  a  considerable  portion  of  the  fundus,  owing 
to  the  fact  that  the  emergent  rays  of  a  hypermetropic  eye  are  diver- 
gent, and  that  diverging  rays  from  any  one  point  on  the  retina  inter- 
mingle with  similar  diverging  rays  of  adjacent  pencils  of  rays  ;  conse- 
quently, a  virtual  image  of  the  fundus  can  be  seen. 

If  F  is  the  principal  focal  distance=40  mm., /the  distance  of  the 
retina  from  the  lens,  and^xr.  the  'far-point,'  the  latter  may  be  found 
by  the  following  formula  : 

J^_l_l 
I).r.~~f  ¥ 

The  shadow,  by  retinoscopy,  will  be  seen  to  move  in  an  opposite 
direction  to  the  rotation  of  a  concave  mirror.  For  an  explanation 
of  this  phenomenon  see  Section  VI. — Shadow  Test. 

Astigmatism  may  be  produced  by  adding  a  cylindrical  lens. 
Lengthen  the  eye  so  that  the  index  again  points  to  40  mm.,  thus 
making  it  emmetropic.  Place  in  front  of  it  a  convex  cylinder  lens, 
axis  horizontal,  so  as  to  make  the  eye  myopic  in  the  vertical 
meridian.  It  is  now  astigmatic,  having  difierent  degrees  of  refrac- 
tion in  its  two  chief  meridians.  Affix  the  glass  retina  so  that  the 
cross  lines  correspond  to  the  chief  meridians.  If  an  emmetrope 
now  examines  the  eye  by  the  direct  method,  he  will  notice  that  the 
vertical  lines  are  distinct,  whereas  the  horizontal  lines  which  are 
parallel  to  the  emmetropic  meridian  are  out  of  focus.  If  concave 
lenses  are  used  in  the  ophthalmoscope,  the  horizontal  lines  will  come 
into  focus  and  the  vertical  lines  become  indistinct.  To  understand 
this  phenomenon  see  Section  IV.  Similarly,  if  the  painted  retina  is 
examined,  the  vertical  vessels  in  focus  point  to  the  condition  of  the 
refraction  in  the  horizontal  m  eridian,  and  the  horizontal  vessels  in  focus 
reveal  the  refractive  condition  of  the  vertical  meridian.  It  is  neces- 
sary to  remember  that  the  highest  convex  lens  and  the  lowest  con- 
cave are  the  estimates  of  the  chief  meridians  in  mixed  astigmatism. 

An  experiment  may  be  shown  to  demonstrate  that  the  '  fundus- 
illumination '  is  oval  in  astigmatism. 

The  peculiar  features  of  the  different  kinds  of  astigmatism  may 
be  readily  demonstrated  upon  the  artificial  eye  by  retinoscopy  and 
•  ophthalmoscopy. 
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Optical  defects  of  the  normal  eye. — The  eye  is  sometimes  spoken 
of  as  if  it  were  a  perfect  optical  instrument ;  this,  however,  is  very- 
far  from  being  the  case.  It  is,  it  is  true,  wonderfully  well  adapted 
to  its  purpose,  for  the  range  of  its  vision  extends  in  a  straight  line- 
from  a  few  inches  from  the  eye  to  an  infinite  distance,  whilst  with 
the  eyes  directed  forward,  objects  can  be  seen,  although  indistinctly, 
which  lie  as  much  as  90°  on  both  sides  of  the  head,  and  this  laterat 
range  can  be  increased  still  farther  on  either  side  by  a  movement  of 
the  eyes — the  head  remaining  fixed  ;  and  of  course  to  a  much  greater 
extent  by  movement  of  the  latter.  The  perfect  adaptation  of  the- 
eye  to  all  the  requirements  of  vision  does  not  depend  so  much  on  its 
perfection  as  an  optical  instrument  as  on  its  free  mobility,  the  great 
sensibility  of  the  retina,  and  the  readiness  with  which  the  mind  in- 
terprets the  impressions  conveyed  to  it. 

Spherical  aberration  is  to  a  great  extent,  but  not  entirely,, 
obviated  by  the  iris,  and  chromatic  aberration  is  considerable.  The- 
cornea  is  not  a  perfectly  spherical  surface,'  for  its  vertical  meridian, 
generally  has  a  shorter  radius  of  curvature  than  the  horizontal.  In 
consequence  of  this  few  people  see  vertical  and  horizontal  lines  witk 
quite  equal  clearness.  There  is  also  a  slight  amount  of  irregular  astig- 
matism present  in  the  normal  eye,  which  gives  the  radiate  appear- 
ance to  stars.  The  media  of  the  eye,  moreover,  are  not  perfectly  clear, 
for  in  the  lens  are  numerous  striae  and  spots,  besides  the  regularly^ 
radiating  strise  which  mark  its  division  into  sectors,  and  in  the- 
vitreous  are  a  large  number  of  floating  cells  and  fibres.    All  these 
structures  can  be  brought  into  view  by  throwing  light  into  the  eye 
in  an  unusual  manner  so  that  their  shadows  are  formed  on  a  part 
of  the  retina  unaccustomed  to  them.   The  retina,  too,  does  not  form, 
a  continuous  surface  for  the  reception  of  visual  impression,  for  be- 
sides the  large  hiatus  formed  by  the  entrance  of  the  optic  nerve— the- 
'blind  spot'— the  blood-vessels  of  the  retina  itself  pass  in  front  of 
its  sensitive  elements  and  cause  linear  gaps  in  the  visual  field. 

The  sensibility  of  the  retina  varies  very  greatly  at  different  parts.. 
So  great  is  it  at  the  centre— the  fovea  centralis— that  the  average 
eye  can  distinguish  two  points  if  they  are  separated  by  an  angular 
measurement  of  only  one  minute,  while  many  eyes  can  do  the  same 
with  a  somewhat  smaller  angle  ;  but  from  this  point  towards  the  peri- 
Dheryits  sensibility  rapidly  diminishes,  owing  to  the  greater  scarcity 
of  the  cones,  so  that  as  an  object  is  moved  towards  the  peripheral 
part  of  the  visual  field,  its  colour  is  first  lost  and  then  its  form, 
>  Strictly  speaking,  the  cornea  is  not  a  portion  of  a  spherical  surface  at 
all  b^forms  the  exfr'emity  of  an  ellipse.  A  sn.all  circle  described  on  th. 
Sinter  extremity  of  an  egg  would  give  a  good  idea  of  its  form. 
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although  a  visual  impression,  sufficient  to  indicate  the  presence  of 
the  object  and  its  position,  remains  longer. 

The  eye  can  be  so  readily  directed  towards  an  object,  so  that  its 
imaare  falls  on  the  fovea  centralis,  that  this  indistinct  lateral  vision 
is  all  that  is  really  required  for  practical  purposes  ;  while,  owing  to 
our  visual  impressions  being  formed  as  the  result  of  experience,  we 
notice  the  defects  in  the  visual  field  so  little  that  most  people  are 
quite  unaware  that  they  have  in  each  field  a  gap  sufficient  to  in- 
clude a  man's  head  at  a  distance  of  seven  feet. 

Visual  angle. — It  will  be  seen  from  what  has  preceded  that 
the  distance  between  the  retinal  images  of  any  two  points  will 
depend  not  only  on  the  distance  of  the  two  points  from  each 
other,  but  also  on  their  distance  from  the  eye. 

Thus  in  fig.  135,  the  retinal  image  h'a'  would  occupy  the 


Fig.  135.  — Visual  Angle. 

same  position  at  whatever  points  on  the  line  a  a'  and  h  h'  the 
points  a  and  b  were  situated ;  and  if  a  and  h  were  the  temiinal 
points  of  an  object  a  b,  the  retinal  image  of  the  object  would  be 
of  the  same  size  as  long  as  it  subtended  the  angle  akb. 

The  angle  made  by  the  axial  rays  from  the  terminal  points 
of  an  object  at  the  optical  centre  is  called  the  visual  angle.  The 
size  of  the  retinal  image  of  an  object  is  in  direct  proportion  to 
the  visual  angle  under  which  it  is  seen  ;  therefore,  objects  whicli 
are  seen  under  the  same  visual  angle  have  retinal  images  of  the 
same  size. 

Visual  acuteness.— It  is  essential  to  have  a  standard  of  nor- 
mal vision,  and  some  method  of  expressing  numerically  depar- 
tures from  it.  This  is  very  conveniently  supplied  by  Snellen's 
test-types,  which  are  those  in  ordinary  use  in  this  country,  and 
of  which  a  copy  will  be  found  at  the  end  of  this  book.  These 
consist  of  letters  of  various  sizes,  the  strokes  of  which  the  letters 
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are  formed  being  in  every  case  a  fifth  of  the  diameter  of  the 
letter.  The  smallest  letters  are  &mm.  in  diameter,  and  at 
6  metres  are  therefore  seen  under  a  visual  angle  of  five  minutes 
(5')  ;  while  each  component  stroke  is  seen  under  an  angle  of 
j^^^  one  minute  (see  fig.  136).  This  has  been  found 
^o  be  the  Smallest  visual  angle  under  which  the  ma- 
■E.".::;.:  jority  of  healthy  eyes  can  recognise  an  object.  If, 
Fig.  136.  therefore,  the  row  of  smallest  letters  can  be  distinctly 
0.6  Snellen.  ^^^^  ^-^^  visual  acuteness  is  said  to  be 

normal,  or  it  may  be  expressed  as  V=  1 . 

Each  row  of  letters  has  a  number  indicating  the  distance  at 
which  it  must  be  placed,  in  order  to  be  seen  under  a  visual 
angle  of  5',  and  the  visual  acuteness  may  be  conveniently  ex- 
pressed by  a  fraction,  the  numei-ator  of  which  is  the  distance  in 
metres  at  which  the  letters  are  situated,  and  the  denominator 
the  distance  at  which  the  smallest  letters  which  can  be  read 
would  make  a  visual  angle  of  5'. 

For  example:  (1)  Standing  at  6  M,  the  smallest  letters  are 
read  F=f .  (2)  But,  if  at  6  M  the  smallest  letters  which  can 
be  read  are  those  which  would  make  a  visual  angle  of  5'  if 
removed  to  12  M,  it  is  evident  that  the  visual  acuteness  is  only 
half  that  of  the  normal  eye,  V=-^-^.  (3)  The  letters  which 
should  be  seen  at  60  M  cannot  be  read  until  they  are  brought 
as  near  as  3  M,  V=-^,  and  so  on. 

In  this  country  the  distance  is  sometimes  expressed  in  feet 
instead  of  in  metres. 

Besides  the  test-types  just  described,  there  are  others  which 
form  a  continuous  series  with  them,  and  which  are  adapted  for 
distances  ranging  from  5  M  to  0-50  M.  These,  for  distinction, 
are  called  Reading-Types,  and  a  sample  of  them  will  also  be 
found  at  the  end  of  the  book.  They  are  not  so  well  adapted 
for  testing  the  visual  acuteness  as  the  distance-types,  as  for 
near  objects  the  accommodation  must  be  used,  and  a  detect  due 
to  weakness  of  the  latter  might  be  mistaken  for  diminished 
acuteness  of  vision.  Objects,  on  the  other  hand,  held  near  the 
eye  are  rather  more  easily  recognised  than  more  distant  ones 
which  are  seen  under  the  same  visual  angle,  because  the  amount 
of  light  entering  the  eye  in  the  former  case  is  proportionately 
greater ;  for,  while  the  size  of  the  retinal  image  varies  directly 
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as  the  distance,  the  amount  of  illumination  varies  as  the  square 
of  the  distance.  Notwithstanding  this  source  of  error,  the  read- 
ing-types often  form  a  very  convenient  rough  test  of  the  visual 
acuteness.  In  this  country  Snellen's  reading-types  are  less 
used  than  those  of  Jaeger,  which  are  not  arranged  on  any 
scientific  plan,  but  are  simply  ordinary  printer's  types  of  various 
sizes  from  '  Brilliant '  to  '  8-line  Koman,'  numbered  consecu- 
tively. 

Section  III. — Normal  Eefraction,  or  Emmetropia. 

Def. — An  emmetropic  eye  is  sitch  thai  all  parallel  rays  entering 
it  -while  at  rest  are  so  refracted  that  they  come  to  a  focus  on  the 
retina  (fig.  137). 

Thus,  the  retina  of  an  emmetrope  is  situated  at  the  principal 
focus  of  the  dioptric  system. 


Fig.  1.S7. — Rays  entering  an  Emmetropic  Eye. 


This  refractive  condition  of  the  eye  is  taken  as  the  normal, 
since  it  possesses  the  greatest  range  of  visual  power. 

An  eye  at  rest  is  one  in  which  all  accommodation  is  sus- 
pended, and  is  the  lowest  refraction  of  any  given  eye.  Rays 
from  near  objects  in  an  emmetropic  eye  at  rest  do  not  come  to  a 
focus  on  the  retina,  but  (if  produced)  beyond  it  (fig.  137,  dotted 
line). 

Since  rays  from  a  distance  of  six  metres  or  beyond  enter  any 
eye,  for  all  practical  purposes,  parallel,  objects  at  or  beyond  that 
distance,  which  subtend  an  angle  not  less  than  5',  can  be  dis- 
tinctly recognised  as  to  their  form  and  nature  by  an  emmetropic 
eye.  The  far-point  (often  written  p.r.,  punctwn  remotum),  there- 
fore, of  an  emmetrope  may  be  considered  as  at  infinity. 

The  near-point  (punctum  ijroximum^  V-V-)  varies  with  age. 
See  Accommodation. 
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If  a  biconvex  spherical  lens  be  placed  in  front  of  an  emme- 
tropic eye  (fig.  138),  parallel  rays  wiil  be  rendered  convergent 
upon  entering  it,  and  will  come  to  a  focus  in  front  of  the  retina. 
Distant  vision  will  be  subnormal.  It  is  evident  that  accommo- 
dation would'make  matters  worse. 

Rays,  however,  coming  from  the  principal  focus  of  the  lens, 
or  from  any  adjacent  point  in  the  same  vertical  plane,  will  come 


Fig.  138. — Rays  entering  an  Emmetropic  Eye  through  a  Convex  Lens. 

to  a  focus  on  the  retina  (see  fig.  138,  dotted  line)  ;  /  is  the  real 
principal  focus  of  the  lens. 

Conversely,  if  a  biconcave  spherical  lens  (fig.  139)  be  placed 
in  front  of  an  emmetropic  eye,  parallel  rays  will  be  rendered 
divergent  upon  entering  it,  and  will  not  come  to  a  focus  on  the 


... 

Fig.  139— Rays  entering  an  Emmetropic  Eye  through  a  Concave  Lens. 


retina,  but,  if  prolonged,  behind  it.  Distant  vision  will  be 
subnormal.  If,  however,  accommodation  be  brought  into  play, 
it  will  rectify  the  visual  defect  so  long  as  the  lens  does  not 
exceed  a  certain  strength.    In  fig.  1 39,  /  is  the  virtual  principal 

focus  of  the  lens. 

From  the  foregoing  we  may  conclude  that  an  emmetropic 
eye  can  see  %  ;  a  low  convex  sphere  will  lower  its  visual  power. 
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and  a  low  concave  will  not  do  so  unless  the  accommodation  be 
suspended,  as  when  an  eye  is  atropised,  or  by  old  age.  An 
emmetrope,  if  atropised,  still  maintains  perfect  distant  vision. 

It  is  easy  to  understand  that  parallel  rays  may  come  to  a 
focus  before  they  reach  the  retina,  or  only  come  to  a  focus  if 
produced  behind  the  retina. 

Thus,  in  hypermetropia  the  retina  is  in  front  of  the  principal 
focus  of  the  dioptric  system  (fig.  140,  h),  whereas  in  myopia  it 
is  beyond  it  (m). 


Fig.  140. — Position  of  Retina  in  Emmetropia  and  Ametropia. 


Emmetropia,  therefore,  forms  the  unit  or  mean  refraction 
(fig.  140,  e),  while  any  departure  from  this  is  called  an  error  nf 
refraction  or  ametropia. 

Accommodation  and  convergence. — So  far  the  eye  has  been 
described  as  a  passive  instrument  in  which  images  of  distant 
objects  only  can  be  formed  with  any  clearness  on  the  retina,  for 
the  latter  is  placed  at  the  principal  focus  of  its  dioptric  system. 
The  eye,  however,  possesses  the  means  of  increasing  its  refractive 
power,  and  so  adapting  itself  for  near  objects.  The  crystalline 
lens  is  composed  of  a  somewhat  elastic  substance,  and  it  is  sus- 
pended in  its  position  by  a  membrane — the  suspensory  ligament 
— which  is  stretched  tightly  across  the  eye  near  the  junction  of 
the  cornea  and  sclerotic,  and  attached  to  the  capsule  of  the  lens. 
By  the  tension  of  this  membrane  the  lens  is  made  to  assume  a 
flatter  shape  than  it  .  would  if  left  to  itself.  By  the  action  of  the 
ciliary  muscle  (see  fig.  141)  the  suspensory  ligament  is  relaxed, 
and  the  natural  elasticity  of  the  lens  then  causes  it  to  become 
more  convex,  the  greatest  change  taking  place  in  the  form  of 
its  anterior  surface.  This  muscular  act,  which  is  called  accom- 
modation, because  by  it  the  eye  is  accommodated  for  near 
objects,  has  always  associated  with  it  a  contraction  of  the  pupil, 
which  prevents  the  most  divergent  rays  from  entering  the  eye. 
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Amplitude  of  accommodation  (A.A.)  is  the  total  accommodative 
power  of  any  given  eye.  It  must  .be  distinguished  from  the 
range  of  accommodation,  which  is  the  distance  between  the 
punctnm  remotum  (p.r.)  and  punctum  proxiraum  (j^.p.)  They 
both  vary  physiologically  with  age. 

As  age  advances,  the  substance  of  the  lens  becomes  less 
elastic,  and  the  same  muscular  effort  •  does  not  then  produce  so 

great  an  increase  in  its  convexity. 
At  the  age  of  ten  the  accommoda- 
tion is  sufficiently  powerful  for  an 
object  to  be  clearly  seen  at  7  cm. 
(2|  in.),  but  after  this  it  gets  gra- 
dually weaker,  so  that  the  nearest 
point  of  distinct  vision  (often  written 
p.p.i  punctum  proximum)  recedes 
farther  and  farther  from  the  eye, 
until,  at  the  age  of  seventy-five,  all 
accommodation  is  lost. 

A  knowledge  of  the  strength  of 
accommodation  proper  to  each  period 
of  life  is  necessary  in  order  that  any 
departure  from  the  normal  condition 
of  this  function  may  be  recognised. 

In  the  following  table,  opposite 
each  age,  is  placed  in  the  first 
column  the  strength  of  the  lens, 
in  dioptres,  which  is  equivalent  to 
the  maximum  amount  of  accommo- 
dation which  can  be  used,  and  which 
therefore  expresses  the  amplitiide  of  accommodation.  In  the  last 
two  columns  are  given  the  distances  of  the  '  near-point '  in 
centimetres  and  inches. 

The  amplitude  of  accommodation  (A.A.)  is  measured  as 
follows :  Let  it  be  supposed  that  the  person  is  emmetropic,  and 
that  his  2^.p.  is  10  cm.,  then  the  unit  of  accommodative  power, 
one  dioptre — equivalent  to  one  metre— divided  by  his  j^.p.  in 
centimetres,  is  the  method  for  finding  his  A.A.  ;  thus  : 

1  D 

  or 

10  cm.  10 


Fig.  141. — Diagram  illustrating 
Accommodation.  (After 
Landolt.) 


^^=10  D  of  A.A. 
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Table  of  Amplitude  of  Accommodation.    (From  Landolt.) 


Age 


10 
15 
20 
25 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 


Amplitude  of  acoommodation 


D 

14 

12 

10 

8-5 

7 

5-5 

4-5 

3-5 

2-5 

1-75 

1 

0-75 
0-25 
00 


Distance  of  'near-point' 


cm. 
7 
8 
10 
11-7 
14 
18 
22 
28-6 
40-5 
57 
100 


ins. 

2f 

3 

4 

7 

8| 

16 

23 
39^ 


Since  his  p.p.  is  situated  at  10  cm,,  the  rays  from  that  point 
enter  his  eye  divergent ;  the  lens  which  renders  these  rays 
parallel  upon  entering  the  eye  is  a  convex  sphere  with  its 
principal  focus  situated  at  his  p.p. — i.e.  +  10  D  (see  p.  409). 

Therefore,  the  highest  convex  lens  with  which  a  person  can  see 
clearly  small  reading -type  at  the  distance  of  his  punctum  pyivximum 
is  the  measii,re  of  his  amplitude  of  accommodation. 

The  A.A.  may  also  be  estimated  by  concave  lenses ;  the 
strongest  concave  lens  with  which  an  emmetrope  can  see  ^  is 
the  measure  of  his  amplitude  of  accommodation. 

A  hypermetrope  uses  some  of  his  accommodation  so  that  he 
may  see  ;  the  amount  he  uses  (the  total  error)  must  be  added 
to  the  A.A.  found,  according  to  the  method  adopted  in  an 
emmetrope.    Thus  :  H  =  5  D,  p.p).  =  20  cm., 

3;^  +  5D=--10D=A.A. 

If  A.A.  is  known,  and  also  the  amount  of  H,  the  p.p).  can  be 
found. 

Let  H  =  6D,  A.A.  =  10D. 

Since  6  D  of  H  is  used  up  for  distant  vision, 

10  — 6  =  4  D  only  for  reading,  1^  =  25  cm.=2hp). 

In  myopia,  the  amount  of  error  must  be  subtracted  from  the 
A. A.,  as  estimated  by  the  position  of  the  p.p. 
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Perhaps  a  better  and  easier  plan  is  first  to  correct  the  error, 
and  then  to  estimate  the  A. A.  by  the  new  position  of  the  p.y. 

Fig.  142  illustrates  the  differences  between  the  amplitude 
and  the  range  of  accommodation  under  different  refractive  con- 
ditions and  at  different  ages.  The  line  N  passes  through  the 
nodal  point  of  each  eye.  The  vertical  lines  indicate,  in  centi- 
metres, different  distances  from  the  nodal  point.  The  thick 
horizontal  lines  show  the  range  of  accommodation  in  dioptres, 
from  which  it  will  be  seen  that  in  a,  an  emmetropic  eye,  and 
D,  a  very  myopic  eye,  both  belonging  to  persons  of  the  same  age 
and  the  same  amplitude  of  accommodation  (10  D),  a  very  marked 
difference  exists  in  the  range  of  accommodation,  the  latter  only 
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FiCt.  Ii2. — DiflEerences  between  the  Amplitude  and  the  Range  of 
Accommodation. 


possessing  14)"4  cm.  B  is  an  emmetropic  eye  of  a  person 
aged  fifty;  the  range  is  slightly  less  than  in  A,  but  the  A. A. 
is  decidedly ;  less,  being  only  2'5  D.  c  is  a  myopic  eye  of  a 
person  aged  about  thirty-seven,  who  possesses  only  half  as 
much  A. A.  as  D,  but  over  twice  the  range. 

When  the  near-point  recedes  farther  than  25  cm.  (10  in.) 
I'eading,  &c.,  becomes  difficult,  because,  at  the  distance  at  which 
the  book  is  ordinarily  held  the  whole  accommodation  available 
has  to  be  used,  and  hence  fatigue  is  soon  expex'ienced — accom- 
modative a.stheno2na ;  while  if  the  book  is  held  farther  away,  only 
large  print  can  be  read,  because  of  the  diminution  in  the  size 
of  the  retinal  images. 

When,  owing  to  the  failure  of  accommodation,  the  'near- 
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point'  has  receded  beyond  22  cm.  (9  in.),  the  condition  is  called 
presbyojna  (aged  sight),  and  its  effects  are  obviated  by  supple- 
menting the  accommodation  by  convex  spectacles  of  such  a 
strength  as  to  bring  the  near-point  back  to  22  cm.  If  the 
refraction  of  the  eye  is  normal,  the  lens  which  will  be  required 
to  do  this  will  depend  on  the  age  of  the  patient.  The  presby- 
opic correction  proper  to  any  age  can  be  found  by  ascertaining 
the  difference  between  the  amplitude  of  accommodation  which 
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-Diagram  showing  the  Range  of  Accommodation  at  Different 
Ages.    (After  Donders.) 


corresponds  to  that  age  and  4-5  D,  which  is  the  amount  re- 
quired to  bring  the  near-point  to  22  cm.  A  useful  practical 
rule  to  remember  is  to  add  1  D  for  every  five  years  after  forty ; 
thus  an  emmetrope  at  forty-five  would  require  sph.  +  1  D  ;  at 
50,  sph. +  2  D;  at  55,  sph. +  3  D;  at  sixty,  sph.  +  4D,  for 
reading  and  near  work  only ;  beyond  the  age  of  sixty,  however, 
this  does  not  hold  good.  If  the  refraction  is  not  normal,  it  must 
be  corrected  first,  and  then  the  presbyopic  correction  added  to 
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the  glass  which  is  required  for  this  purpose.  In  cases  where 
the  patient  requires  to  see  at  his  work  at  a  greater  distance  than 
that  at  which  a  book  is  generally  held,  glasses  slightly  weaker 
than  would  correct  the  presbyopia  must  be  given  ;  in  such  cases, 
however,  the  patient  is  generally  the  best  judge.  This  subject 
will  be  referred  to  again  in  a  later  section. 

Loss  of  accommodation  may  occur  as  a  pathological  aflfection 
from  defective  action  of  the  ciliary  muscle,  as  cycloplegia  (see 

Chap. XV.),  spasm,  or  hysteria; 
or  from  absence  of  the  lens,  as 
after  solution  or  extraction  for 
cataract,  or  when  the  lens  is 
dislocated. 

Convergence  is  the  sym- 
metrical rotation  inwards  of 
the  two  eyes,  so  that  the 
visual  axes  may  meet  at  any 
point  desired  between  infinity 
and  a  few  centimetres  from  the 
nose.  It  may  be  defined  as 
the  maintenance  of  hinocular 
vision  for  near  ohjects. 

The  range  of  convergence  is 
the  difference  between  the  posi- 
tion of  the  visual  axes  for  the 
'  near '  and  '  far  points '  of 
binocular  vision.  It  is  mea- 
sured by  '  metre-angles.'  In 
fig.  144,  let  L  and  R  be  the 
left  and  right  eyes  of  any 
person,  with  their  visual  axes 
parallel,  directed  to  a  and  ct'. 
Let  the  eyes  converge  to  an 
object  A  at  one  metre  dis- 
;fig.  144.— The  '  Metre-angle.'  tance  :  this  is  the  unit  of  con- 
vergence, and  is  called  one  metre-angle  (1  ma) ;  at  B,  half  a 
metre  distance,  the  angle  LBR  is  twice  the  size  of  the  a^gle 
LAR  ;  it  is  therefore  called  two  metre-angles  of  convergence,  i.e. 
the  measure  of  the  metre-angle  is  the  inverse  ratio  of  the  distance ; 
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just  as  the  measure  of  the  amplitude  of  accommodation  is,  in 
dioptres,  the  inverse  ratio  of  the  distance. 

The  ahsohde  value  of  the  '  metre-angle '  depends  on  the 
distance  between  the  two  eyes,  and  is  constant  for  each  indi- 
vidual. In  a  person  whose  eyes  are  7  cm.  apart,  the  metre-angle 
has  a  value  of  2°.  If  the  eyes  are  G-4  cm.  apart,  the  metre- 
angle  is  equivalent  to  1°  50'. 

Since  accommodation  and  convergence  are  associated  acts 
under  the  control  of  a  common  centre  in  the  brain,  it  is  necessary 
to  make  a  few  remarks  about  their  relationship  to  one  another. 
This  is  not  absolute;  there  is  a  slight  margin  left,  so  that  a 
little  more  or  less  convergence  may  occur  with  any  given  distance 
of  accommodation.  This  margin  is  greatly  augmented  in  re- 
fractive errors,  whilst  in  emmetropia  it  is  slight. 

Thus,  an  emmetrope  wishing  to  see  an  object  at  a  distance 

of  20  cm.  would  have  to  converge  =  5  ma,  and  to  accom- 
modate  5  D. 

In  hypermetropia  accommodation  is  necessary  in  order  to 
see  distant  objects;  if  H=2  D,  2D  of  accommodation  is  re- 
quired for  distant  objects  ;  therefore  2  ma  of  convergence  ought 
to  be  brought  into  play.  This  would  produce  diplopia,  since  the 
images  on  the  fundus  would  be  formed  on  non-corresponding 
areas  of  the  retina ;  so,  to  avoid  a  convergent  strabismus, 
convergence  must  be  kept  in  abeyance  for  distant  objects.  In 
looking  at  near  objects  there  must,  of  necessity,  be  a  similar 
altered  relationship  between  these  two  forces. 

In  myopia,  on  the  other  hand,  no  accommodation  is  required 
for  objects  placed  at  the  p.r.,  which,  being  at  a  limited  distance, 
necessitates  convergence  in  order  to  allow  the  visual  axes  to 
meet  at  that  point;  if  M  =  l  D,  convergence  =  1  ma.  Accom- 
modation ought  to  be  ]  D,  but  it  is  not  needed.  If  accom- 
modation could  not  be  kept  in  abeyance  without  suspending 
convergence,  it  is  easy  to  conceive  that  divergence  might  ulti- 
mately ensue. 

The  maximum  and  minimum  of  convergence  are  the  extremes 
of  the  range  of  convergence;  the  former  has  an  average  of  9*5 
ma,  the  latter  is  a  negative  quantity  equivalent  to  —  1  ma. 

The  measurement  is  made  by  prisms,  and  in  order  to 
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appreciate  their  value  it  will  be  necessary  to  give  a  brief  descrip- 
tion of  them. 

A  p-ism  is  a  wedge  of  transparent  substance,  possessing  at 
least  two  plane  surfaces,  which  are  divergent  and  enclose  an 
angle.  The  thick  end  of  a  prism  is  called  its  base,  the  thin  end 
its  apex. 

Rays  of  light  passing  through  a  prism  are  refracted  towards 
its  base  (see  fig.  124,  Sect.  I.). 

The  amount  of  refraction  depends  upon  the  strength  of  the 
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Fig.  Ii5.— Diplopia  produced  by  Prisms. 


prism.  The  strength  is  equal  to  half  the  number  of  any  prism. 
Prisms  are  numbered  according  to  the  size  of  the  angle  formed 
by  the  diverging  surfaces  ;  thus,  a  prism  of  10°  has  a  deviating 
strength  of  5°.  Objects  when  looked  at  through  a  prism  appear 
to  be  displaced  in  the  direction  of  its  apex. 

'Example.— Ro\^  a  prism  of  12°  in  front  of  the  right  eye, 
with  its  hasG  inwards,  and  look  at  a  distant  object ;  homonymous 
diplopia  is  produced,  i.e.  the  image  is  to  the  right  of  its  object, 
displaced  to  the  same  side  as  the  eye  under  cover  of  the  prism. 
Now  converge,  and  the  image  and  object  will  separate.  Reverse 
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the  prism,  base  outwards — crossed  diplopia  occurs.  Now  con- 
verge, and  the  image  and  object  will  fuse,  i.e.  a  prism  of  12° 
base  outwards  is  easily  overcome  by  convergence. 

If  in  fig.  145  a  prism  (Pr)  be  placed  in  front  of  the  right 
eye  (r)  with  its  base  out,  the  object  a  will  form  a  retinal  image 
on  the  fundus  of  R,  external  to  the  yellow  spot,  and  so  an  image 
a'  will  be  perceived  to  the  left  of  its  object  in  the  visual  field 
(crossed  diplopia).  Similarly,  if  a  prism  be  placed  in  front  of 
L  with  its  base  in,  homonymous  diplopia  is  the  result,  because  L 
perceives  a  as  if  it  came  from  a',  i.e.  the  object  appears  to  be 
displaced  in  the  direction  indicated  by  the  apex  of  the  prism. 

If  two  prisms  of  the  same  strength  be  placed  before  the  eyes, 


m 

Fig.  146. — Virtual  Image  caused  by  a  Prism. 


one  base  in  and  the  other  base  out,  as  in  fig.  145,  lateral  dis- 
placement of  the  image  occurs,  but  no  diplopia. 

Though  the  object  is  received  on  the  yellow  spot  of  the  ob- 
server, yet  an  apparent  displacement  of  it  towards  the  apex  of 
the  prism  is  noticed.  This  is  the  virtual  image  of  the  object 
(see  fig.  146).  If  a  prism,  base  in,  be  placed  in  front  of  one 
eye  of  a  person  who  is  fixing  some  distant  object,  in  order  to 
avoid  diplopia  he  turns  the  eye  out  so  as  to  allow  the  object  to 
fall  on  the  yellow  spot.  The  strongest  prism,  base  in,  that  does 
not  produce  diplopia  of  a  distant  object  is  the  measure  of  the 
minimum  of  convergence ;  at  the  same  time,  it  is  the  measure 
of  the  maximum  divergence.  (This,  in  emmetropia,  is  usually 
equivalent  to  a  prism  of  8°,  or  a  prism  of  4°  in  front  of  each 
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eye.)  Since  the  eyes  are  divergent,  the  rays  prolonged  back- 
wards would  meet  behind  the  eyes  at  a  distance  of  about  one 
metre ;  the  minimum  convergence  can  thus  be  acknowledged  as 
—  1  ma. 

Conversely,  the  highest  prism,  base  outwards,  which  does 
not  produce  diplopia  upon  looking  at  an  object  as  near  as  ac- 
commodation will  permit,  is  the  estimate  of  the  maximum  con- 
vergence.   It  is  equal  to  about  9-5  ma. 

It  is  evident  from  what  has  been  said  that  prisms  with  their 
hases  inwards  relieve  convergence,  and  with  their  hases  outwards 
promote  convergence.  Consequently,  prisms  are  occasionally 
prescribed  in  practice.    See  Muscular  Insufficiency. 

A  ready  test  for  finding  the  maximum  convergence  is  to 
see  how  near  to  the  nose  the  patient  can  fix  with  both  eyes  a 

vertical  black  line  on  a  sheet 
of  white  paper,  without  dip- 
lopia. A  more  accurate  esti- 
mation, and  one  more  simple 
than  the  prism  test,  is  based 
upon  this  principle.  The 
measurement  is  made  by  the 
use  of  Landolt's  dynamo- 
meter (fig.  147),  which,  de- 
scribed in  his  own  words, 
'  consists  of  a  hollow  metallic 
cylinder,  blackened  on  the 
outside,  which  can  be  fitted 
on  to  a  candle  of  ordinary 
size.  The  cylinder  has  a  ver- 
tical slit  0'3  mm.  in  breadth, 
covered  by  a  ground  glass.  This,  being  illuminated  by  the 
flame  of  the  candle,  forms  a  luminous  vertical  line,  and  serves 
as  an  object  of  fixation.  Beneath  this  is  attached  one  end  ot 
a  tape-measure,  that  can  be  rolled  up  by  means  of  a  spring. 
This  is  graduated  on  one  side  in  centimetres,  and  on  the  other 
in  metre-angles. 

'  If  it  be  desired  to  find  the  punctum  proximum  of  con- 
vergence, allow  the  spring  to  roll  up  the  tape  until  the  point  is 
reached,  when  the  luminous  slit  commences  to  be  seen  as  double. 


Fig.  147. — Landolt's  Dynamometer. 
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Read  off  on  the  tape  the  measure  of  the  maximum  conver- 
gence.' 

JDecentration  of  spherical  lenses. — A  section  of  a  spherical  lens 
presents  the  appearance  of  two  prisms,  either  with  their  bases 
touching  (convex)  or  their  apices  touching  (concave).  If  a 
sphere  be  displaced  inwards  or  outwards,  so  that  the  visual  axis 
does  not  pass  through  its  centre,  it  is  clear  that  the  lens  will 
possess  a  prismatic  action  upon  rays  of  light  entering  the  eye. 
If  a  prism  is  required  for  any  person  wearing  spherical  lenses,  it 
is  only  necessary  to  decentre  the  sphere  to  produce  the  combined 
eflFect.  Convex  lenses  displaced  inwards,  and  concave  outwards, 
act  as  prisms  with  their  bases  in,  and  so  relieve  convergence  ; 
convex  lenses  displaced  outwards,  and  concave  inwards,  will  act 
as  prisms  with  their  bases  out,  and  so  promote  convergence. 
The  amount  of  prismatic  effect  of  a  spherical  lens  depends  upon 
its  strength  and  displacement. 

The  value  of  prisms  in  paralytic  affections  will  be  described 
in  the  chapter  on  that  subject. 


Section  IV. — Erroes  of  Refraction,  or  Ametropia. 

There  are  three  forms  of  Ametropia — Myopia,  Hypermetropia, 
and  Astigmatism. 

If  parallel  rays  come  to  a  focus  before  they  reach  the  retina, 
the  condition  is  called  myopia  (fig.  148). 

If  parallel  rays  do  not  come  to  a  focus  on  the  retioa,  but 
if  prolonged  behind  it,  the  condition  is  called  himermetroma 
(fig.  151). 

Thus,  a  myopic  eye  is  apparently  one  with  a  higher  refracting 
system,  and  a  hypermetropic  one  with  a  lower  refracting  system. 

If  rays  are  refracted  unequally  in  different  meridians  of  the 
eye,  the  condition  is  called  astigmatism. 

Owing  to  occasional  irregularity  of  the  surface  of  the  cornea 
from  conicity  or  previous  ulceration,  rays  may  be  irregularly  re- 
fracted, and  produce  distorted  images  of  external  objects  on  the 
retina  ;  this  is  known  as  irregular  astigmatism,  and  is  practically 
unas.sisted  by  glasses. 

If  rays  are  refracted  equally  in  any  one  meridian,  but  un- 
equally in  different  meridians,  so  that  the  meridians  of  the 
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higliest  and  lowest  refractive  powers  are  at  right  angles  to  one 
another,  the  condition  is  known  regular  astic/viatism,  and  is 
greatly  benefited  by  the  use  of  proper  glasses. 

It  must  be  understood  that  in  speaking  of  the  refraction  of 
an  eye  the  accommodation  is  always  assumed  to  be  relaxed,  unless 
mentioned  to  the  contrary. 


Fig.  148. — Parallel  Eays  entering  a  Myopic  Eye. 


(i.)  Myopia  (fig.  148).  Def. — Myopia  is  that  condition  in 
wJdch  -parallel  rays  come  to  a  focus  before  they  reach  the  retina — i  e. 
the  retina  lies  beyond  the  principal  focus  of  the  dioptric  system. 
This  may  be  due  (1)  to  the  antero-posterior  axis  of  the  eye 
being  too  long,  or  (2)  to  the  refraction  of  the  eye  being  too  great. 
The  first,  which  is  called  axial  myopia,  is  by  far  the  more 
common ;  the  second,  refractive  myopia,  may  be  due  to  an  in- 
crease in  the  refractive  power  of  the  nucleus  of  the  crystalline 
lens,  and  is  sometimes  met  with  in  the  early  stages  of  nuclear 
cataract. 

Since  the  retina  lies  beyond  the  principal  focus  of  the  dioptric 


Fig.  149.— The  Far-point  of  a  Myopic  Eye. 


system  of  the  eye,  rays  from  any  point  (a,  fig.  149)  on  the  retina 
do  not  leave  the  eye  parallel,  as  in  emmetropia,  but  converging 
(compare  fig.  129  on  p.  390),  and  they  will  therefore  meet  at  a 
focus  {a')  in  front  of  the  eye.  Conversely,  the  only  rays  which 
can  come  to  a  focus  on  the  retina,  while  the  accommodation  is 
at  rest,  are  diverging  rays  from  points  which  lie  in  the  same 
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plane  as  a',  as,  for  instance,  //.  Since  rays  coming  from  a'  and 
b'  come  to  a  focus  at  a  and  h  respectively,  it  follows  that  a 
retinal  image  would  be  formed  of  any  object  of  which  a  and  b 
were  the  terminal  points. 

If  the  accommodation  were  used,  rays  which  were  more 
divergent — i.e.  coming  from  a  nearer  point  than  a' — could  be 
brouo-ht  to  a  focus  on  the  retina  ;  but  under  no  circumstances 
could  this  occur  with  those  which  are  less  divergent — i.e.  coming 
from  a  greater  distance  than  a'.  For  this  reason  a'  is  called 
the  'fa/r-point '  of  the  eye,  as  it  is  the  farthest  point  of  distinct 
vision,  and  may  be  defined  as  the  conjugate  focus  of  the  yellow 
spot ;  it  is  positive  and  finite. 

Not  only  is  an  image  of  an  object,  which  is  situated  at  the 
far-point  of  a  myopic  eye,  formed  on  the  retina,  but  a  real 
inverted  image  of  the  fundus  is  formed  at  the  far-point 
(see  p.  386). 


Fig.  150. — Parallel  Rays  entering  a  Myopic  Eye  through  a  Concave  Lens. 

We  have  seen  that  to  the  emmetrope  distance  alone  forms 
no  limit  to  vision ;  the  myope,  on  the  contrary,  has  clear  vision 
of  no  objects  situated  beyond  his  far-point :  hence  the  popular 
name  for  myopia — '  short-sightedness ' — is  a  good  one. 

Eays,  coming  from  a  point  beyond  the  far-point  of  a  myopic 
eye,  can  be  focussed  on  the  retina  by  rendering  them  as 
divergent  as  they  would  be  if  they  came  from  the  '  far-point ; ' 
for  parallel  rays  this  would  be  accomplished  by  a  concave  lens 
of  such  a  strength,  and  placed  in  such  a  position,  that  its  prin- 
cipal focus  would  coincide  with  the  '  far-point.'  Thus,  in  fig. 
150,  the  far-point  is  at  pr ;  rays,  therefore,  which  diverged 
from  this  point  would  be  focussed  on  the  retina  ;  if,  now,  a 
concave  lens  be  placed  in  front  of  the  eye,  its  focus  being  at^jir, 
it  will  render  parallel  rays  as  divergent  as  if  they  came  from 
that  point,  and  so  enable  them  to  be  focussed  on  the  retina. 
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Myopia  is,  as  we  have  seen,  usually  the  result  of  an  elonga- 
tion of  the  antero-posterior  diameter.  The  eye  is  generally  also 
enlarged  in  other  directions,  but  to  a  less  extent.  Although 
the  tendency  to  myopia  is  frequently  inlierited,  that  condition  is 
itself  seldom  present  at  birth,  but  comes  on  during  childhood. 
The  essential  condition  for  the  production  of  myopia  would  seem 
to  be  a  diminished  power  of  resistance  in  the  ocular  tunics  ;  it 
is,  however,  a  disputed  point  what  the  anatomical  lesion  is  which 
causes  the  weakening.  Whether  any  such  anatomical  weakness, 
congenital  or  acquired,  exists  or  not,  it  is  certain  that  myopia  is 
brought  about  by  a  pernicious  habit  of  prolonged  and  excessive 
convergence,  an  abuse  of  one  of  the  most  important  functions  of 
the  eye ;  and  by  the  association  which  exists  between  it  and 
accommodation,  this  latter  and  equally  valuable  function  is 
similarly  ill-used.  The  most  potent  cause  which  gives  rise  to 
this  condition  is  the  employment  of  the  eyes  in  childhood  for 
near  work  in  a  defective  light.  To  compensate  for  the  paucity 
of  light  an  attempt  is  made  to  obtain  larger  retinal  images.  The 
head  is  held  down  close  to  the  book ;  this  necessitates  a  strong 
effort  of  convergence  in  order  that  binocular  vision  may  be  main- 
tained, and  a  corresponding  effort  of  accommodation  is  made  by 
each  eye.  The  action  of  the  recti  muscles  on  the  globe  tends,  if 
its  tissues  are  weak,  to  cause  it  to  bulge  at  the  posterior  pole, 
where  it  is  unsupported  by  muscles.  The  eye  has  not  attained 
its  full  growth,  and  its  circulation,  like  that  of  all  growing 
organs,  is  active  and  easily  influenced  by  causes  which  would 
not  affect  a  fully  developed  organ.  The  obstruction  to  the  return 
of  blood  by  the  compression  of  the  cervical  veins  produced  by 
the  position  of  the  head,  and  the  action  of  the  recti  and  ciliary 
muscles,  induces  a  state  of  chronic  congestion  which  weakens 
the  investing  tunics.  There  is  possibly  also  combined  with  this, 
in  some  cases,  an  increased  activity  in  the  secretion  of  the  intra- 
ocular fluid,  so  that,  while  on  the  one  hand  the  power  of  resis- 
tance of  the  eye  is  diminished,  on  the  other  the  forces  tend- 
ing to  its  distension  are  increased. 

In  the  worst  cases  a  chronic  inflammatory  process  is  set  up 
in  the  sclerotic  and  choroid  at  the  posterior  pole,  and  the  elonga- 
tion of  the  eye  rapidly  increases  (progressive  rnyopia),  while  the 
choroid  becomes  thinned  and  atrophied,  the  changes  usually 
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commencing  ia  the  portion  adjacent  to,  and  on  the  outer  side  of 
the  optic  disc. 

Clinically,  myopia  may  be  divided  into  simjde  and  jjrogTessive. 
Simple  myopia  is  by  far  the  more  frequent  variety  met  with, 
and  is  characterised  by  the  error  being  low  in  amount,  by  the 
absence  of  any  marked  fundus  change,  by  the  visual  acuity  being 
normal,  and  by  having  no  tendency  to  increase  after  the  proper 
correction  has  been  prescribed.  Simple  myopia  may  increase 
very  gradually,  even  after  the  glasses  have  been  ordered  ;  in  such 
cases  it  will  often  be  found  upon  inquiry  that  the  glasses  have  only 
been  used  for  distance  and  ignored  for  near  work.  Myopia  is 
rarely  seen  before  the  age  of  ten ;  it  occurs  equally  in  the  two 
sexes  ;  is  markedly  hereditary,  though  very  rarely  congenital. 
Progressive  myopia,  often  called  malignant  or  pernicious  myopia, 
is  diagnosed  by  the  necessity  of  frequent  changes  in  the  glasses 
worn,  by  the  marked  fundus  changes,  and  by  defective  visual 
acuity.  A  constant  aching  pain  may  be  present  in  both  eyes,  but 
is  in  no  way  characteristic.  Prominence  of  the  globes  is  some- 
times seen,  and  the  elongation  of  the  eyeball  may  often  be  made 
evident  by  looking  at  its  outer  surface  when  the  eye  is  turned  in. 

On  examining  the  fundus,  the  choroidal  coat  seems  tiie  main 
tunic  at  fault ;  the  change  usually  commences  as  an  atrophy  of 
the  choroid  which  exposes  the  sclerotic  to  view,  and  so  produces  the 
appearance  of  a  white  or  yellowish-white  area  extending  to  a 
variable  extent  from  the  optic  disc.  At  first  it  is  crescentic  in 
shape,  and  confined  to  the  outer  border  of  the  disc,  as  in  fig.  1, 
opposite  p.  181 ;  generally  its  border  presents  several  patches  of 
pigment.  Later  on,  this  crescent  becomes  irregular  in  shape, 
increases  in  size,  and  so  extends  farther  towards  the  yellow 
spot,  and  may  surround  the  disc ;  very  ft-equently  associated 
with  this  condition  are  isolated  patches  of  choroiditis  and 
atrophy  (see  fig.  2).  In  its  early  stage  it  is  called  a  myopic 
crescent,  although  a  similar  appearance  is  occasionally  seen  in 
emmetropic  or  hypermetropic  eyes — congenital  crescent  (see 
p.  203)  ;  in  its  more  fully  developed  condition  it  always  indicates 
that  a  considerable  bulging  {posterior  staphyloma)  has  taken 
place  at  the  posterior  pole  of  the  eye. 

Many  other  pathological  changes  may  be  met  with  in  myopic 
eyes,  such  as  detachment  of  the  retina,  retinal  hgemorrhages ; 
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general  thinning  of  the  choroid,  so  that  a  reticulated  vascular 
groundwork  is  seen  beneath  the  retinal  vessels ;  the  lens  may 
become  dislocated,  an  attempt  of  Nature  to  rectify  the  optical 
defect  of  the  eye,  or  show  irregular  opacities.  The  vitreous  is 
usually  more  fluid  than  natural. 

A  myopic  eye  presents  other  peculiarities  besides  those  already 
mentioned  ;  thus,  the  anterior  chamber  is  frequently  of  great  depth, 
the  ciliary  muscle  is  elongated,  its  transverse  fibres  being  defective. 
The  optic  nerve  enters  the  sclerotic  obliquely,  and  the  white  matter 
of  Schwann  often  extends  to  the  level  of  the  retina  over  the  whole 
disc,  so  that  the  physiological  cupping  is  absent.  The  nerve-sheath, 
instead  of  ceasing  at  the  point  where  the  nerve  enters  the  sclerotic, 
is  prolonged  a  short  distance  into  its  substance,  a  condition  which  must 
still  further  weaken  this  part  of  the  eye.  The  angle  made  by  the  visual 
line  and  the  optic  axis  is  smaller  than  in  emmetropia ;  indeed,  in  some 
cases  the  visual  line  lies  on  the  outer  side  of  the  optic  axis,  and  the 
angle  y  (see  p.  394)  is  then  said  to  be  negative. 

Progressive  myopia  is  pathological,  and  dependent  on  organic 
changes,  whereas  simple  myopia  of  low  degrees  may  be  taken  as 
a  further  development  of  the  eyeball,  fitting  it  for  some  higher 
and  special  purpose. 

Though  these  two  chief  varieties  have  alone  been  described, 
many  other  intervening  grades  are  met  with,  which  cannot  pro- 
perly be  classed  under  either  heading. 

When  myopia  has  once  become  established,  some  of  the 
conditions  which  combined  to  produce  it  are  removed;  thus 
the  accommodation  is  used  less,  or  not  at  all,  and,  since  accom- 
modation and  convergence  are  associated  acts,  the  myope  finds 
it  easier  to  give  up  convergence,  and  to  use  one  eye  only  at  a 
time  for  near  vision.  The  elliptical  shape  assumed  by  the  eye- 
ball is  less  adapted  for  rotation  within  Tenon's  capsule  than 
the  more  spherical  form  of  the  emmetropic  eye,  and  this  also 
renders  convergence  difficult.  In  a  short  time  the  power  of 
convergence  becomes  so  impaired  that  it  can  be  maintained, 
even  by  an  efibrt,  only  for  a  few  seconds,  and  before  long  may 
be  altogether  lost,  and  one  eye  remain  in  a  state  of  divergence. 
See  Divergent  Strabismus. 

The  action  of  the  ciliary  muscle  and  internal  recti  having 
been  in  this  way  annulled,  the  myopia  may  in  favourable  cases 
remain  stationary  ;  such  eyes  are,  however,  liable  to  suffer  from 
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an  increase  of  their  myopia  if  the  general  health  is  in  any  way 
impaired ;  and  patients— mostly  women— are  not  unfrequently 
met  with  who,  having  had  a  high  degree  of  myopia  since  child- 
hood, suffer  after  middle  life  without  any  obvious  cause  from  its 
rapid  increase,  with  atrophic  changes  in  the  choroid,  the  appear- 
ance of  opacities  in  the  vitreous,  which  is  unduly  fluid,  and  in 
the  lens. 

Apparent  myopia. — A  person  may  be  emmetropic  or  hyper- 
metropic, yet  by  subjective,  and  even  objective,  tests  appear  to 
be  myopic.  This  is  due  to  tonic  spasm  of  the  ciliary  muscle, 
which  does  not  relax  in  the  dark  room  or  under  a  convex  lens. 
It  is  veiy  apt  to  mislead  a  novice.  The  near  vision  is  good, 
distant  vision  bad  ;  the  real  nature  of  the  condition  is  only  re- 
vealed by  thoroughly  paralysing  the  accommodation  by  the  use 
of  atropine.  It  is  seen  more  often  in  hypermetropes,  occasion- 
ally in  emmetropes,  and  rarely  in  myopes  with  error  of  low 
degree,  giving  it  an  appearance  of  being  much  greater  than  it 
really  is. 

Treatment  of  myopia. — This  is  chiefly  prophylactic,  and  de- 
pends upon  the  removal  of  all  conditions  likely  to  cause  it ;  this 
cannot  be  too  forcibly  impressed  on  all  who  have  to  do  with  the 
education  of  the  young.  It  is  most  important  that  the  light  should 
be  good ;  it  should  on  no  account  be  facing  the  pupils,  and  by 
preference  should  come  from  the  left  side  for  writing,  while  the 
desks  and  seats  should  be  so  arranged  that  no  stooping  is  neces- 
sary.   For  reading,  the  type  should  be  clear,  and  not  too  small. 

Progressive  myopia  is  treated  on  hygienic  principles  :  a 
nourishing  diet,  tonics,  and  change  of  air — a  sea  voyage  if  pos- 
sible— avoidance  of  all  work  with  the  eyes ;  glasses  in  the 
progressive  stage  are,  therefore,  not  required. 

The  treatment  of  myopia  by  glasses  will  be  considered  in  a 
later  section. 

(ii.)  Hypermetropia  (h,  fig.  140,  and  fig.  151).  BEF.—Hyper- 

metropia  is  that  condition  in  which  parallel  rays  entering  an  eye 
at  rest  are  so  refracted  that  they  do  not  come  to  a  focus  on  the 
retina,  hut,  if  produced,  behind  it — i.e.  the  retina  lies  in  front  of 
the  principal  focus  of  the  dioptric  system  of  the  eye.    It  may  be 

due  to  the  antero-posterior  axis  of  the  eye  being  too  short  

axial  hypermetropia— and  this  is  the  common  form  ;  or  to  the 
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refractive  power  of  the  eye  being  diminished  by  flattening  of  the 
cornea,  diminished  refractive  power  in  the  lens,  or  absence  of 
the  lens — aphakia. 

Since  the  retina  lies  in  front  of  the  principal  focus,  rays  from 
any  point  on  it  will  be  divergent  on  leaving  the  eye  (fig.  151), ' 
and  the  conjugate  focus  of  any  such  point  will  therefore  be  be- 


FlG.  151.- — Parallel  Rays  entering  a  Hypermetropic  Eye. 


hind  the  eye,  at  the  point  where  the  diverging  rays  would  meet  if 
prolonged  backwards.  Tlheinmctumremotum  (fig.  152)  is  there- 
fore negative  and  virtual.  As  in  myopia,  an  image  of  the  fundus 
is  formed  at  the  far-point,  but  in  this  case  the  image  is  erect  and 
virtual. 

Since  the  rays  from  the  retina  are  divergent  on  leaving  the 
eye,  it  is  evident  that  only  convergent  rays  can  be  focussed  on 
the  retina ;  but  in  nature  there  are  no  such  rays,  hence  a  hyper- 


FiG.  152. — Parallel  Eays  entering  a  Hypermetropic  Eye 
through  a  Convex  Lens. 


metrope,  with  his  accommodation  relaxed,  has  no  distinct  vision 
of  any  objects,  but  by  means  of  the  accommodation  the  refractive 
pawer  of  the  eye  can  be  increased,  and  parallel,  and  even  di- 
vergent rays  be  brought  to  a  focus  on  the  retina  if  the  ciliary 
muscle  is  sufficiently  powerful.  The  muscular  effort  required 
will,  however,  be  great  in  proportion  to  the  nearness  of  the 
object,  so  that  such  eyes  tire  comparatively  soon,  if  continuously 
fixed  on  near  objects,  while  more  distant  ones  may  be  viewed 
'  Compare  also  figs.  127  and  131. 
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for  a  considerable  time  without  fatigue ;  hence  the  popular  term 
'  long-sightedness.'  This  condition  must  not  be  confounded  with 
that  of  presbyopia,  in  which  the  refraction  may  be  normal,  but, 
the  accommodation  having  become  weakened  from  age,  near 
vision  is  impaired. 

We  have  seen  that  converging  rays  are  the  only  ones  which 
can  be  focussed  by  a  hypermetropic  eye  with  its  accommodation 
at  rest,  and  that  there  are  in  nature  no  such  rays  ;  parallel  or 
divergent  rays  may,  however,  be  rendered  convergent  by  a 
convex  lens.  Thus  if  an  eye  were  hypermetropic  to  such  an 
extent  that  its  far-point  were  20  cm.  behind  the  cornea,  a  lens 
of  such  a  strength,  and  so  placed,  that  its  principal  focus  coin- 
cided with  this  point  would  give  to  parallel  rays  the  required 
amount  of  convergence,  and  cause  them  to  come  to  a  focus  on 
the  retina  without  any  accommodation  being  used,  so  that  such 
an  eye,  with  its  hypermetropia  corrected  in  this  way,  would  see 
distant  objects  under  the  same  conditions  as  the  emmetropic 
eye  (fig.  152). 

Since  the  defective  vision  due  to  hypermetropia  can  be  ob- 
viated by  the  use  of  the  accommodation,  a  small  amount  may 
exist  without  causing  any  symptoms ;  if,  however,  a  hyper- 
metrope  is  called  upon  to  use  the  eyes  much  for  near  objects, 
trouble,  varying  in  degree  and  kind  in  difierent  individuals,  is 
experienced.  In  slight  cases  the  eyes  become  tired  and  bloodshot 
after  being  used  for  some  hours.  In  others  the  work  or  book 
has  to  be  laid  aside  after  a  few  minutes,  owing  to  the  sight  be- 
coming dim,  or  the  eyes  filling  with  tears — a  group  of  symptoms 
often  classed  under  the  name  of  asthenopia,  or  '  weak  sight.'  In 
others,  again,  reading  is  always  followed  by  headache,  which 
occasionally  is  so  severe  that  it  is  attributed  to  cerebral  causes, 
and  the  subject  of  it  condemned  to  spend  his  or  her  time  in  idle- 
ness, when  the  whole  ti-ouble  might  be  removed  by  correcting 
the  hypermetropia  with  suitable  glasses. 

Hypermetropia  is  a  congenital  defect  due  to  an  imperfect 
development  of  the  eyeball,  but  it  is  seldom  discovered  until  the 
child  begins  to  learn  to  read.  The  symptoms  in  children  differ 
somewhat  from  those  met  with  in  the  adult.  Often  one  of  the 
first  indications  of  there  being  anything  wrong  is  that  the  child 
holds  the  book  very  close  to  the  face,  and  is  therefore  supposed 
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to  be  short-sighted.  Myopia,  however,  in  young  children  is  rare 
and  the  presence  of  hypermetropia  under  these  circumstances 
should  always  be  suspected.  The  myope  obtains  clear  images 
of  the  minutest  objects  if  held  within  his  range  of  vision,  and 
therefore  reads  the  smallest  type  with  ease  ;  the  hypermetrope, 
on  the  other  hand,  can  only  obtain  clear  retinal  images  by  using 
his  accommodation,  and  the  nearer  the  object,  the  greater  is  the 
effort  required  ;  but  the  size  of  the  retinal  image  increases  in 
proportion  as  the  distance  is  decreased,  and  increases  at  a  greater 
ratio  than  the  circles  of  diffusion  caused  by  imperfect  focussing ; 
hence  the  child  will  sometimes  prefer  to  hold  the  book  so  near 
that  the  ciliary  muscle  is  unequal  to  the  exertion  necessary  to 
focus  the  rays  on  the  retina,  because  by  that  means  he  obtains  a 
large  image  with  less  muscular  effort  than  if  he  held  it  at  a  distance 
for  which  his  accommodation  was  sufficient. 

In  other  cases  the  efforts  made  by  the  ciliary  muscle  to  re- 
spond to  the  call  made  upon  it  result  in  the  production  of  a  tonic 
contraction  by  which  the  eye  is  maintained  in  a  condition  of 
accommodation  for  a  near  point — apparent  myopia  (see  p.  421). 

In  many  instances  of  hypermetropia,  generally  of  moderate 
degree,  the  accommodation  is  only  equal  to  the  necessary  effort 
when  it  has  convergence  associated  with  it ;  hence  the  child 
(these  cases  mostly  occur  in  children)  suffers  from  no  defect  of 
vision,  but  develops  a  converyent  strahismm.  This  subject  will 
be  considered  more  fully  in  a  subsequent  chapter ;  it  is  sufficient 
here  to  note  the  fact  that  a  greater  amount  of  accommodation 
can  be  used  if  convergence  is  associated  with  it  than  if  used 
alone  ;  and  that  convergent  strabismus  in  a  child  is  an  almost 
certain  sign  of  hypermetropia. 

(iii.)  A.  Regular  astigmatism  (fig.  153).  Def. — Astig- 
matism is  that  condition  in  which  rays  entering  the  eye  are  re- 
fracted unequally  in  different  meridians.  In  considering  optical 
principles  and  the  laws  of  refraction,  we  saw  that  rays  from  any 
point,  being  refracted  at  a  spherical  surface,  again  came  to  a 
focus,  and  formed  an  image  of  the  point.  If,  however,  one 
meridian  of  the  refracting  surface  had  a  different  curvature  to 
the  others,  it  is  evident  that  their  focal  distances  would  also  be 
different,  and  that  the  rays  would  therefore  no  longer  all  be 
focussed  at  one  point.    Such  a  surface  is  therefore  said  to  be 
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astigmatic.  '  A  familiar  example  of  an  astigmatic  surface  is  tlie 

bowl  of  a  spoon. 

In  surfaces  which  are  regularly  astigmatic— which  the  bowl 
of  a  spoon  is  not— the  various  meridians  have  the  same  curve 
throughout.  Those  having  the  longest  and  shortest  radius  of 
curvature  are  called  the  principal  meridians,  and  are  always  at 
right  angles  to  each  other. 

It  will  be  necessary  to  consider  in  detail  the  action  of  an 
astigmatic  surface.  In  fig.  153  let  rays  from  a  point  /  fall  on  an 
astigmatic  surface  acbcl,  and  let  the  conjugate  focus  of  /  be  at 

for  rays  which  pass  through  the  vertical  meridian  ah,  and  at 
/j  for  those  which  pass  through  the  horizontal  meridian  cd ;  it 
is  evident  that  the  section  of  the  cone  of  rays  after  refraction 


a 


Fig.  153. — The  Course  of  Rays  in  Astigmatism. 


will  vary  in  shape  according  to  the  position  at  which  it  is  made  ; 
thus,  between  the  refracting  surface  and  f\  it  will  be  an  oval 
diminishing  in  size  towards  f\,  the  horizontal  meridian  short- 
ening more  rapidly  than  the  vertical ;  so  that  as  we  approach 
f\  "^6  o'^^l  gradually  becoming  narrower,  until  at  f\  the 

section  is  indistinguishable  from  a  vertical  line ;  between  f■^ 
and  the  vertical  diameter  will  continue  to  diminish,  while  the 
transverse  will  increase,  so  that  we  obtain  successively  an  oval 
with  a  long  vertical  diameter,  a  circle,  an  oval  with  long  transverse 
diameter,  and  at  f\  a  transverse  line.    Hence  we  get  this  rule  : 

If  rays  from  a  jooint  are  refracted  hy  an  astigmatic  surface, 
a  linear  image  of  the  point  is  formed  at  the  focus  of  each  prin- 
cipal meridian ;  and  the  direction  of  the  line  is  at  right  angles  to 
that  of  the  meridian  at  the  focus  of  which  it  is  formed. 

If  the  above  rule  be  kept  in  mind,  all  the  phenomena  of 
refraction  which  occur  in  an  astigmatic  eye  will  be  readily 
understood. 
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Although  we  have  spoken  of  the  cornea  as  a  spherical  sur- 
face, it  is  rarely  strictly  so  ;  usually  its  vertical  meridian  has  a 
somewhat  shorter  radius  of  curvature,  and  therefore  a  greater 
power  of  refraction  than  the  horizontal,  so  that  most  eyes  are 
astigmatic  in  a  very  slight  degree  ;  it  is  only,  however,  when 
the  difference  between  the  principal  meridians  is  sufficient  to 
interfere  with  vision  that  the  defect  comes  under  the  notice  of 
the  ^  surgeon.  Astigmatism  of  the  cornea  may  be  increased, 
diminished,  or  neutralised  by  a  similar  condition  in  the  crys- 
talline lens. 

Astigmatism  is,  then,  the  condition  in  which  the  eye  re- 
fracts differently  in  its  different  meridians.  It  is  usual  to 
classify  it  into  five  varieties,  which  are  enumerated  in  the 
accompanying  table,  and  this  arrangement  is  a  convenient 
one.  It  should  be  borne  in  mind,  however,  that  the  differ- 
ence between  these  does  not  really  consist  in  a  difference  in 
the  nature  of  the  astigmatism,  but  in  the  difference  in  the 
refraction  of  the  eye  when  the  astigmatism  has  been  corrected 
by  rendering  the  principal  meridians  equal  by  an  alteration  in 
the  refraction  of  one  of  them. 


Variety  of  astigmatism 

Refraction  of 
the  principal  meridians 

Condition  to  which  the  eye 
may  be  brought  by  correcting 
the  astigmatism 

1.  Simple  myopic 

2.  Simple  hypermetropic  . 

3.  Compound  myopic 

4.  Compound  hypermetropic 

5.  Mixed  .... 

("Emmetropic  ~\ 

I  Hyperme-      I  HAs 

t    tropic    .  J 

Both  myopic  MMAs 
/Both hyper-  ^^^^^ 
I.    metropic  } 

r  Myopic  ~| 
<  Hyperme-  MHAs 
L    tropic  J 

■ 

■  Emmetropia 
Myopia 

Hypermetropia 

/■Myopia  or  hyperme- 
J    tropia  according  to 
j    which  meridian  is 
(  altered 

In  simple  astigmatism  the  retina  lies  at  the  focus  of  one  of 
the  principal  meridians,  and  the  retinal  image  of  a  point  will 
therefore  be  a  line  at  right  angles  to  that  meridian.  This  can 
be  impressed  on  the  memory  by  a  simple  experiment.  Let  the 
reader  render  his  own  eye  astigmatic  by  placing  a  cylindrical 
lens  in  front  of  it;  the  axis  of  the  cylinder,  shown  by  marks  on 
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the  glass,  will  then  be  the  direction  of  the  unaltered,  or  emme- 
tropic, meridian;  if,  now,  a  point  of  light  be  looked  at,  obtained 
by  looking  at  a  pin-hole  aperture  in  a  card  held  close  to  a  flame, 
the  point  will  be  seen  as  a  line  of  light ;  and  in  whatever  position 
the  lens  is  held,  the  direction  of  the  line  will  always  be  at  right 
andes  to  the  axis  of  the  cylinder— i.e.  to  the  emmetropic 
meridian. 

If  now,  under  the  same  conditions,  a  straight  line  be  looked 
at,  it  will  be  found  that  it  is  only  seen  clearly  when  its  direction 
is  at  right  angles  to  the  emmetropic  meridian  :  this  is  because 
every  point  of  the  line  is  seen  as  a  minute  line,  and  may  be  ex- 
plained as  follows  :  If,  instead  of  a  luminous  point  as  is  seen  by 
looking  at  a  pin-hole  aperture  in  front  of  a  light  in  the  manner 
just  described,  a  black  point  or  dot  be  seen,^it  will,  to  an  astig- 
matic person,  appear  to  be  elongated  into  a  linear  image  parallel 
to  the  ametropic  meridian.    A  line  is  merely  a  succession  of 


 — _i  I  III  

Fig.  154.— Cross-lines  as  seen  by  an  Emmetropic  Eye, 
and  by  two  Astigmatic  Eyes. 

points  or  dots,  so  close  together  as  to  be  fused  into  a  linear 
object ;  so,  if  astigmatism  exists  in  the  horizontal  meridian,  each 
of  these  dots,  the  elements  of  a  line,  appears  linear  horizontally, 
and  a  horizontal  line  would  appear  black  and  clearly  defined, 
owing  to  the  overlapping  of  the  linear  diffusions  of  its  com- 
ponent elements  ;  a  vertical  line,  however,  will  show  these  linear 
difiusions,  and  will  consequently  appear  blurred  and  ill-defined 
(see  fig.  154). 

Hence  the  following  rule : 

An  eye  with  simple  astigmatism  (one  of  the  pinncipal  meridians 
emmetropic)  can  only  see  clearly  lines  ivhose  direction  is  at  right 
angles  to  its  emmetropic  meridian. 

B.  Irregular  astigmatism  exists  in  a  very  slight  degree 
under  normal  circumstances  in  most,  if  not  in  all,  eyes,  from 
lenticular  defect.  The  lens-fibres  are  the  cause  of  tins  slight 
aberration,  and  give  rise  to  the  apparent  existence  of  radii  to 
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stars.  If  a  star  be  looked  at  tlirough  a  small  aperture,  not .... . 
than  half  a  millimetre  in  diameter,  no  radii  will  be  visible.  This 
defect  does  not  cause  any  inconvenience  in  ordinary  vision. 
Irregular  astigmatism,  dependent  upon  conical  cornea  or  pre- 
vious corneal  ulceration,  is  a  source  of  great  annoyance  and 
visual  defect,  and  cannot  be  remedied  by  the  use  of  glasses. 
External  objects  form  distorted  images  on  the  fundus,  and  are 
perceived  as  such.  Looking  through  a  badly  made  pane  of 
glass,  distortion  of  trees  and  other  objects  is  noticed  ;  tliis  is  the 
condition  perceived  by  an  eye  with  irregular  astigmatism,  only 
to  a  greater  degree. 

Asthenopia,  or  subjective  signs  attending  ametropia,  &c.— It 
is  advisable  to  make  a  few  remarks  about  the  symptoms  of 
refractive  errors  and  defective  accommodation.  The  patient 
nearly  always  complains  of  frontal  headache  or  pain  at  the  back 
of  the  eyes  ;  inability  to  read  or  to  do  near  work  for  any  length  of 
time  without  the  words  running  into  one  another,  or  the  objects 
becoming  blurred ;  and  the  eyes  are  said  to  water,  smart,  and 
become  red — conjunctival  congestion.  These  three  constitute  the 
most  marked  symptoms,  and  suggest  a  prompt  attention  to  the  re- 
fractive condition  of  the  eye.  The  cause  of  asthenopia  is  due  to 
the  associated  acts,  convergence  and  accommodation,  being  in 
some  way  interfered  with.  In  myopia,  convergence  seems  the 
function  at  fault ;  in  hypermetropia  and  presbyopia,  accommo- 
dation appears  to  produce  these  symptoms ;  therefore,  the  former 
has  been  called  muscular  asthenojna,  and  the  latter  accommodative 
asthenopia.  But  the  symptoms  are  not  produced  in  either  case 
by  a  fatigue  of  one  function,  but  by  the  difficulty  of  worhing  the 
two  together,  owing  to  the  disturbance  wrought  by  the  ametropia 
upon  their  association  (see  p.  411).  It  is  a  well-known  fact  that 
these  symptoms  disappear  when  the  error  is  corrected  or  when  a 
concomitant  squint  develops.  In  the  former  case,  the  proper 
association  of  these  functions  is  restored  ;  in  the  latter,  it  is 
broken,  i.e.  there  is  a  complete  functional  disassociation. 

If  there  are  different  refractions  in  the  two  eyes — aniso- 
metrojtia — for  example,  myopia  in  one,  and  hypermetropia  in 
the  other,  or  different  forms  of  astigmatism — the  ametropic 
symptoms  are  usually  pronounced. 
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Section  V. — Lenses  used  in  Testing  Refkaction. 
The  Ophthalmoscope. 

(i.)  Trial  lenses. — Before  describing  tlie  various  methods  of 
ascertaining  the  refraction  of  an  eye,  it  will  be  necessary  to 
make  a  digression  in  order  to  explain  the  principles  on  which 
the  lenses  used  for  this  purpose  are  numbered,  and  to  explain 
the  nature  and  use  of  the  ophthalmoscope,  which  is  also  used 
for  the  same  purpose. 

In  this  country  there  are  two  modes  in  use  of  numbering 
lenses. 

The  one  is  to  give  to  each  lens  a  number  expressing  its  focal 
length  in  inches ;  thus,  we  speak  of  a  3-in.  or  6-in,  lens.  There 
are  several  objections  to  this  method  :  in  the  first  place,  since 
the  strength  of  the  lens  is  in  inverse  proportion  to  its  focal 
length,  it  is  necessary  to  invert  the  numbers  in  order  to  make 
them  represent  the  relative  power  of  the  lenses ;  so  that  in  cal- 
culating the  power  of  a  lens  we  should  speak  of  it  as  a  ^rd  or 
^th ;  this  becomes  inconvenient  when  several  have  to  be  added 
or  subtracted.  Then,  in  the  higher  powers  the  intervals  between 
the  lenses  are  necessarily  imequal.  Another  great  drawback  to 
the  system  lies  in  the  fact  that  the  inch  has  a  different  value  in 
different  countries  ;  and  as  many  opticians  use  foreign  glasses,  it 
is  not  always  clear  what  is  meant  by  a  particular  number.  ^ 

The  other  system  of  numbering  lenses  is  based  on  the 
metiical  system  of  measurement,  and  is  now  in  very  general 
use.  The  unit  is  a  glass  of  a  metre  focal  length,  and  this  is 
termed  a  dioptre  (1  D)  ;  all  other  lenses  are  enumerated  as 
fractions  or  multiples  of  this  ;  thus,  a  lens  having  a  focus  of  two 
metres  would  be  half  this  strength,  and  would  therefore  be 
0-5  D,  while  one  having  a  focus  of  half  a  metre  would  be 
2-0  D,  a  third  of  a  metre  3-0  D,  and  so  on.  The  focal  length 
of  any  lens  numbered  on  this  system  is  found  by  dividing  a 
metre  by  the  number  of  the  lens ;  thus,  4-0  D  would  have  a 
focal  length  of  25  cm.,  or  10  English  inches.^ 

A  case  of  trial  lenses  should  contain  pairs  of  convex  and 

'  1  English  inch  =  25-3  mm.    1  Paris  inch  =  27-07  mm. 
The  relation  of  centimetres  to  inches  is  approximatelj'  as  5  to  2. 
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concave  spherical  lenses  from  0-25  D  to  20-0  D,  and  cylindrical 
lenses  convex  and  concave  from  0-25Dto6-0D. 

Spherical  lenses  have  been  already  sufficiently  described,  but 
a  few  words  of  explanation  are  necessary  as  to  the  nature  of  the 
cylindrical.  One  surface  of  such  a  lens  is,  as  the  name  implies, 
a  portion  of  a  cylindrical  surface  ;  the  other  is  usually  plane. 

If  from  a  portion  cdef  (fig.  155) 
of  a  glass  cylinder  ab,  of  which 
ab  is  the  axis,  a  circular  piece 
be  cut  out,  its  vertical  diameter 
/u,  parallel  to  the  axis  ab  of 
the  cylinder,  will  be  equal  in 
thickness  throughout  its  whole 
length,  and  cannot,  therefore, 
alter  the  relationship  of  parallel 
rays ;  it  is  called  the  axis  of 
the  lens.  The  horizontal  me- 
ridian Td  will  be  thicker  at  its 
centre  than  at  its  extremities, 
being  in  section  plano-convex, 
and  will  have  the  power  of 
bringing  parallel  rays  to  a  focus. 
A  circle  one  inch  and  a  half  in 
diameter  cut  out  of  such  a 
portion  of  a  ■  glass  cylinder 
would  constitute  a  convex 
cylindrical  lens  (  +  cyl.).  Assuming  the  posterior  half  of  the 
glass  cylinder  to  be  hollow  as  at  H,  it  is  easy  to  conceive  that  a 
plano-concave  cylindrical  lens  (  —  cyl.)  could  be  obtained  in  a 
similar  manner ;  the  plane  meridian  would  still  coincide  with 
the  axis  of  the  cylinder,  while  the  most  concave  would  be  at  right 
angles  to  it.  The  direction  of  the  axis  of  the  cylinder  is  marked 
on  the  glass  either  by  two  lines,  one  at  each  side,  or  by  a  portion 
of  the  lens  on  each  side  being  ground  with  the  edges  of  the 
ground  portions  parallel  to  the  axis ;  this  meridian,  being 
plane,  has  no  refractive  power.  The  lens  is  numbered  in  ac- 
cordance with  the  refraction  of  the  meridian  of  curvature — i.e. 
the  one  which  is  at  right  angles  to  the  axis;  thus,  a  cylin- 
drical lens  of  6  dioptres  (6  D  cyl.)  means  that  the  refracting 


Fig.  155.— a  Glass  Cylinder. 
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power  of  the  meridian  of  curvature  is  equal  to  that  of  a  lens 
of  6  dioptres. 

From  the  nature  of  a  cylindrical  lens,  it  follows  that  the 
addition  of  one  to  an  eye  which  is  not  astigmatic  would  render 
it  so,  and  that  by  one  of  suitable  strength  the  difference  between 
the  principal  meridians  of  an  astigmatic  eye  could  be  neutralised 
and  the  astigmatism  corrected. 

Besides  lenses,  a  trial  case  should  contain  a  set  of  prisms, 
numbered  according  to  their  angles  from  1°  to  12°,  an  adjust- 
able trial  frame  (fig.  156),  a  block  of  the  same  size  as  the  lenses 


Fig.  156.— TosswiU's  adjustable  Trial  Frame. 


to  occlude  one  eye,  a  slit  one  millimetre  wide,  also  mounted  like 
a  lens,  and  a  few  diaphragms  and  coloured  glasses. 

(ii.)  The  ophthalmoscope. — As  the  ophthalmoscope  affords 
one  of  the  most  useful  means  which  we  possess  of  testing  re- 
fraction, it  is  necessary  to  say  a  few  words  here  concerning  its 
construction  and  use.  The  rays  which  come  from  any  point  on 
the  retina  of  an  emmetropic  eye  leave  the  eye  in  a  state  of 
parallelism  (fig.  137),  and  could  therefore  be  focussed  on  the 
retina  of  another  emmetropic  eye.  But  the  only  light  which 
comes  from  an  eye  is  the  reflected  portion  of  that  which 
has  entered  it  through  the  pupil;  and,  since  the  emerging 
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pencil  follows  the  same  course  as  that  which  entered  the  eye, 
it  follows  that  the  observer's  head  cannot  be  placed  in 
a  position  to  receive  the  former  without  at  the  same  time 
intercepting  the  latter.  The  ophthalmoscope  is  a  contrivance 
for  throwing  light  into  the  eye,  and  allowing  some  of  the 
returning  rays  to  enter  the  observer's  eye.  It  consists  essen- 
tially of  a  mirror,  which,  while  reflecting  some  rays,  transmits 
others. 

The  original  ophthalmoscope  of  Helmholtz  consisted  of  three 
parallel  plates  of  glass,  separated  from  each  other  by  small 
intervals ;  by  means  of  this,  held  at  a  suitable  angle,  light  from 
a  lamp  was  reflected  into  the  eye,  and  of  the  light  which  re- 
turned from  the  fundus  some  was  reflected  from  the  glass  and 
lost,  but  a  portion  was  transmitted  through  it  to  the  observer's 
eye ;  and,  being  focussed  on  its  retina,  produced  an  image  of 
the  fundus  of  the  eye  under  examination.  Helmholtz's  ophthal- 
moscope can  be  used  with  less  discomfort  to  the  patient  than 
perhaps  any  other  form  ;  but  the  illumination  of  the  fundus 
obtained  by  it  is  much  less  than  with  the  more  modern  instru- 
ments, and  it  requires  considerable  practice  to  use  it  with  ease. 
It  was  soon  found  that  the  fears  originally  entertained  of  damage 
being  done  to  the  eye  by  exposure  to  light  were  not  well 
founded,  and  instruments  were  accordingly  constructed  in  which 
the  mirror  was  made  of  polished  metal  or  silvered  glass,  a 
central  perforation  allowing  the  passage  of  some  of  the  returning 
rays. 

The  modern  ophthalmoscope  consists  essentially  of  a  mirror, 
which  may  be  plane  or  concave,  having  a  small  central  aperture ; 
and  this  is  all  that  is  necessary  for  the  purpose  for  which  the 
instrument  was  originally  constructed — namely,  that  of  seeing 
the  fundus  of  the  emmetropic  eye.  But  for  estimating  refrac- 
tion, it  is  necessary  to  have  an  arrangement  by  which  different 
lenses  can  be  placed  behind  the  sight-hole ;  and  it  is  chiefly  in 
the  mode  in  which  this  latter  requirement  has  been  fulfilled  that 
the  various  instruments  differ  from  each  other.  The  vaiiety  of 
ophthalmoscopes  is  so  great  that  a  mere  enumeration  of  them 
would  occupy  a  considerable  space,  and  serve  no  useful  purpose ; 
it  will  suffice  to  indicate  the  conditions  which  are  essential  to  a 
good  instrument. 
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The  mirror,  if  there  is  only  one,  should  be  concave,  have  a 
focal  length  of 'not  less  than  22  cm.  (9  inches),  and  a  diameter 


Figs.  157  and  158. — Juler's  Ophthalmoscope  and  Electric  Ophthalmoscope. 

of  not  less  than  one  inch.  A  second  smaller  mirror  set  obliquely 
with  a  focal  length  of  about  two  inches  is  an  advantage,  but  not 
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essential,  and  a  plane  mirror  is  often  useful.  There  must  be  a 
series  of  convex  and  concave  lenses,  and  an  arrangement  by  wMch 
these  can  be  successively  placed  behind  the  sight-hole  without 
removing  the  instrument  from  the  eye.  Much  difference  of 
opinion  exists  as  to  the  number  of  lenses  necessary.  Mr.  Couper, 
who  was  one  of  the  earliest  to  use  the  ophthalmoscope  systematic- 
ally for  the  estimation  of  refraction,  considers  that  every  power 
should  be  obtained  by  a  single  lens,  and  that  combinations  are 
inadmissible;  as  he  also  considers  that  every  ophthalmoscope 
should  possess  a  lens  sufficiently  powerful  to  correct  the  highest 
degree  of  myopia  which  is  likely  to  be  met  with,  his  ophthal- 
moscope necessarily  contains  a  very  large  number  of  lenses. 

A  suitable  instrument  for  refraction  and  ophthalmoscopic  ex- 
amination is  represented  in  fig.  157.  It  consists  of  a  disc  contain- 
ing two  series  of  spherical  lenses  :  one  convex,  1,  2,  3,  4,  5,  6,  7,  12, 
and  20  dioptres  ;  the  other  concave,  1,  2,  3,  4,  5,  6,  7,  8,  9,  10,  12, 
14,  16,  20,  and  30  dioptres.  The  disc,  shown  separately  in  the 
figure,  is  milled  at  the  edge,  and  is  made  to  revolve  to  the  right  or 
left  by  means  of  two  other  milled  discs,  one  of  which  is  worked  by 
the  index  finger  of  the  hand  holding  the  instrument ;  thus,  any  lens 
required  may  be  placed  in  the  sight-hole  of  the  instrument.  A 
sector  may  be  connected  to  the  back  to  carry  any  other  lenses  re- 
quired. The  strength  of  the  lens  is  shown  in  a  small  circular 
aperture  at  the  back  :  white  figures  indicate  concave  lenses  ;  red 
figures  convex  lenses. 

Three  different  mirrors  may  be  used  :  a  small  one  of  8  cm.  focal 
length,  set  at  an  angle  of  about  30°,  which  can  be  revolved  upon  its 
central  axis  by  means  of  a  milled  edge  ;  and  two  large  mirrors,  plane 
and  concave,  which  are  reversible  upon  a  horizontal  axis  by  means 
of  a  spring  clip.  The  large  concave  mirror  has  a  focal  length  of 
30  cm.  The  mirrors  are  arranged  on  a  metal  plate  fixed  to  the 
back-piece  by  means  of  a  screw  situated  equidistant  from  the  central 
apertures  of  the  small  and  large  mirrors,  so  that  by  rotation  the 
aperture  of  either  mirror  may  be  brought  into  position  in  front  of 
the  sight- hole  of  the  ophthalmoscope.  The  central  aperture  in  the 
small  mirror  is  2  mm.  in  diameter  ;  in  the  large,  4  mm. 

The  large  mirrors  are  used  for  indirect  ophthalmoscopy  and 
retinoscopy,  the  small  mirror  for  direct  ophthalmoscopy. 

To  the  right  (fig.  158)  is  a  drawing  of  an  electric  ophthalmoscope, 
which  is  suitable  for  the  direct  method  only,  and  is  so  arranged  that 
by  the  use  of  an  electric  light  the  fundus  of  any  person  may  be  readily 
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examined,  even  in  broad  daylight.  The  mirror  is  concave  with  a 
short  focal  length  (5  cm.)  ;  it  is  set  obliquely,  its  axis  being  directed 
downwards.  Immediately  below  the  mirror  is  fixed  a  small  electric 
lamp,  the  rays  of  which  are,  by  the  reflection  of  the  mirror,  pro- 
jected into  the  eye  under  examination.  It  can  be  adapted  to  any 
ordinary  ophthalmoscope.  It  is  very  convenient  when  a  suitable 
lamp  or  dark  room  is  unobtainable.  Its  principal  value,  however,  is 
made  manifest  in  the  examination  of  fundi  in  which  the  media  are 
cloudy,  whether  it  be  lenticular  opacity  or  a  vitreous  haze.  In  the 
latter  the  real  cause  may  be  made  out  when  an  ordinary  ophthalmo- 
scope cannot  furnish  any  further  information  beyond  the  existence 
of  the  opacities.  The  light  of  this  ophthalmoscope  causes  no  greater 
annoyance  to  the  person  under  examination  than  the  ordinary  in- 
strument, since,  by  means  of  a  resistance  coil,  the  light  can  be 
graduated  to  any  intensity. 

There  are  two  methods  of  using  the  ophthalmoscope — the 
direct  and  the  indirect.  Each  of  these  has  advantages  of  its 
own,  and  neither  of  them  should  be  practised  to  the  exclusion 
of  the  other.  Before  passing  to  a  detailed  description  of  these, 
there  are  certain  practical  points  common  to  both  of  them 
which  must  claim  our  attention. 

In  the  first  place,  an  artificial  source  of  light  is  necessary  ; 
sunlight,  it  is  true,  can  be  employed,  but  there  are  obvious 
inconveniences  which  practically  preclude  its  use.  Any  steady 
broad  flame  will  answer  the  purpose,  a  cii'cular  gas-burner,  such 
as  an  Argand,  being  the  best.  It  is  convenient  to  have  it 
afiixed  to  a  bracket,  which  allows  of  free  movement  both  in  a 
vertical  and  in  a  horizontal  plane ;  and  a  shade  by  which  lateral 
rays  can  be  arrested  is  sometimes  useful.  The  examination 
should  be  conducted  in  a  dark  room.  The  lamp  must  be  placed 
on  the  same  horizontal  plane  as  the  eye,  sufficiently  far  back  to 
prevent  any  direct  rays  falling  on  the  cornea,  and  only  removed 
laterally  a  sufficient  distance  to  avoid  discomfort  from  its  heat. 
Before  commencing  to  examine  a  patient,  the  knack  should  have 
been  acquired  of  so  manipulating  the  mirror  as  to  throw  the  light 
on  any  required  spot,  and  to  keep  it  there  during  any  movements 
of  the  head ;  this  is  easily  learnt  with  a  little  practice,  but  the 
want  of  that  practice  causes  much  disappointment  at  the  first, 
trial  with  the  ophthalmoscope,  and  a  considerable  amount  of 
discomfort  to  the  patient. .  .  . , 
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In  the  dh-ect  method  the  surgeon  sits  facing  the  patient  on 
the  same  side  as  the  eye  which  is,  to  be  examined,  in  such  a 

position  that,  when  his 
face  is  brought  close 
to  the  patient's,  his 
own  eye  is  opposite  the 
same  eye  of  the  patient. 
The  mirror,  with  the 
observer's  eye  close  be- 
hind the  sight-hole,  is 
held  close  to  the  patient's 
eye  (see  fig.  159).  If 
the  relative  position  of 
surgeon  and  patient  are 
such  as  have  been  de- 
scribed, the  former  will 
naturally  use  the  left  eye 
for  the  patient's  left, 
and  vice  versa.  Holding  the  miiTor  as  close  as  he  can  without 
losing  the  illumination,  the  surgeon  looks  through  the  sight- 


FiG.  159. — Direct  Ophthalmoscopic 
Examination. 


Fig.  160. — The  Course  of  Rays  in  Direct  Ophthalmoscopy. 

hole  into  the  patient's  eye ;  if  this  is  emmetropic,  the  parallel 
rays  from  it  enter  his  own  eye  and  are  focussed  on  his  retina ; 
he  accordingly  sees  all  the  details  of  the  patient's  fundus.    It  is 
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essential  that  neither  patient  nor  surgeon  should  use  any  accom- 
modation, for  in  the  one  case  the  rays  would  leave  the  patient's 
eye  convergent  instead  of  parallel,  and  in  the  other,  although 
parallel,  they  would  not  be  focussed  on  the  retina  of  the  surgeon. 
By  this  method  the  de- 
tails of  the  fundus  are 
seen  in  their  true  posi- 
tion, but  highly  mag- 
nified by  the  dioptric 
system  of  the  eye.  The 
image  is  therefore  erect. 

In  fig.  160,  which 
illustrates  the  course  of 
the  rays  in  direct  oph- 
thalmoscopy, part  of  the 
illuminated  area  of  the 
fundus  /  of  the  patient 
o'  is  seen  by  the  ob- 
server 0.  The  details  of  the  fundus  of  o'  are  inverted  on  the 
fundus  of  0,  and  so  are  perceived  erect. 

In  the  indirect  method,  the  ophthalmoscope  or  mirror  is  held 
at  a  distance  of  little  over  half  a  metre  from  the  patient ;  at  the 
same  time  a  convex  lens  is  held  close  in  front  of  the  eye  to  con- 
vert the  emerging  rays  from  the  fundus  into  an  inverted  aerial 
image  (see  fig.  161).  If  the  eye  is  emmetropic,  the  rays,  being 
parallel,  will  come  to  a  focus  at  the  principal  focus  of  the  lens. 
In  ametropia,  the  image  will  be  formed  sooner  or  later  according 
to  the  nature  of  the  error. 

The  nearer  this  inverted  aerial  image  is  to  the  eye  of  the 
observer,  the  larger  it  appears,  because  it  subtends  a  greater 
visual  angle ;  so,  by  increasing  the  distance  between  the  lens 
and  the  patient's  eye,  a  slight  increase  in  the  size  of  the  image  is 
perceived;  at  the  same  time,  a  smaller  area  of  the  fundus  is 
visible,  owing  to  the  diverging  pencil  of  rays  escaping  beyond 
the  periphery  of  the  lens.  Hence,  the  weaker  the  lens  used,  the 
larger  the  image  will  appear  vnthout  loss  of  the  surrounding 
details.  This  gradual  enlargement  of  the  image  by  the  move- 
ment of  the  lens  is  so  slight  in  emmetropia,  that,  for  all  practical 
purposes,  it  may  be  considered  nil.  In  myopia,  the  image  appears 


Fig.  161. — Indirect  Ophthalmoscopic 
Examination. 
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to  enlarge  rapidly;  in  hypermetropia  it  diminishes  in  size  A 
convenient  lens  for  indirect  ophthalmoscopy  is  one  of  13  D 
(3  m.) ;  those  sold  with  the  ophthalmoscope  have  sometimes  a 
shorter  focus  than  this,  and  do  not  magnify  sufficiently.  The  larger 
Its  diameter,  within  convenient  limits,  the  better ;  a  good  size 
for  the  pocket  is  2  in.  diameter.  The  image  obtained  by  this 
method  IS  inverted  and  real,  while  the  direct  gives  an  erect  and 
virtual  image.  By  the  indirect  method  a  large  portion  of  the 
fundus  can  be  seen  at  one  time,  and  it  is  therefore  the  best  for 
obtaining  a  general  view  of  the  fundus,  and  should  be  used  first 
in  every  case.  The  direct  gives  more  detailed  information  con- 
cerning a  smaller  area  at  one  time. 


Fig.  162.— The  Coarse  of  Rays  in  Indirect  Ophthalmoscopy. 

In  indirect  ophthalmoscopy  there  is  no  real  necessity  to  use 
any  lens  in  the  ophthalmoscope,  though  many  surgeons  use 
+  D,  +  3D,  or  +  4D  for  the  following  reasons  :  accommo- 
dation is  necessary  if  no  lens  is  used,  and  so  a  weak  convex 
lens  will  relieve  the  accommodation.  Those  who  are  presbyopic, 
and  those  who  are  accustomed  to  relax  their  accommodation 
upon  direct  ophthalmoscopic  examination,  will  unconsciously  do 
so  upon  using  the  indirect  method,  and  so  will  not  see  a  clear 
image  without  a  weak  convex  lens  in  the  ophthalmoscope. 
Secondly,  the  aerial  image  of  the  fundus  will  be  magnified  by 
the  addition  of  a  weak  convex  lens. 

In  the  direct  method  lenses  must  be  used  to  neutralise  any 
ametropia  existing,  either  in  the  examiner  or  in  the  patient, 
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before  a  clear  view  of  the  fundus  can  be  obtained  with  both  eyes 

""The  course  the  rays  take  in  indirect  examination  of  the 
fundus  is  seen  in  fig.  162.i  The  dotted  lines  illustrate  the  way 
in  which  the  fundus  is  illuminated.  The  uninterrupted  lines 
show  the  course  of  the  rays  from  the  details  on  the  fundus  of  the 
person  under  examination  to  the  eye  of  the  observer:  Z  is  the 
luminous  source,  M  the  concave  mirror,  and  V  the  inverted  aeria 
image  of  the  flame  ;  E  is  the  eye  under  examination,  /  is  a  small 
portion  of  the  illuminated  area  of  the  fundus,  which  is  converted 
by  the  lens  L  into  an  inverted  aerial  image  /',  which  is  perceived 

by  the  observer,  0.  . 

There  are  several  difficulties  to  be  overcome  m  using  the 
direct  method  :  the  first  is  that  of  getting  sufficiently  close  to 
the  eye  without  losing  the  illumination;  this  is,  however,  easily 
accomplished  if  the  manipulation  of  the  mirror  has  been  pre- 
viously learnt.  If  the  patient's  eye  be  directed  straight  forward, 
a  difficulty  sometimes  arises  from  the  reflection  of  the  mirror 
being  seen  in  the  cornea  ;  this  is  avoided  if  the  eye  be  directed 
a  little  to  the  nasal  side,  and  this  position  has  the  additional 
advantage  that  the  posterior  pole  of  the  eye  is  rotated  outwards, 
so  that  the  optic  disc,  wHch  lies  slightly  to  the  inner  side,  comes 
into  view.  We  have  seen  that  accommodation  on  the  part  of 
either  surgeon  or  patient  prevents  a  clear  view  being  obtained 
of  an  emmetropic  fundus  ;  on  the  part  of  the  patient  this  can 
generally  be  obviated  by  taking  care  that  the  other  eye  has  no 
light  falling  on  it,  and  that  it  is  directed  to  a  distant  object. 
The  surgeon's  own  accommodation  is  a  more  difficult  matter  to 
control.  Some  idea  of  the  difficulty,  and  of  the  kind  of  efibrt 
required  to  overcome  it,  can  be  obtained  by  attempting  to  read 
through  a  convex  lens  a  page  of  print  placed  at  its  focal  distance  ; 
at  first  this  will  be  found  to  be  difficult,  but  the  knack  can  be 
acquired  with  a  little  practice.  When  using  the  ophthalmoscope, 
it  is  well  to  try  to  imagine  that  one  is  looking  at  a  distant  object, 
and  this  is  facilitated  by  the  other  eye  being  kept  open.  The 
small  size  of  the  pupil  will  not  often  prove  an  obstacle  to  the 


'  The  inverted  aerial  image  /'  of  the  fundus  should  be  several  times  the 
size  of  the  obiect/,  but  for  obvious  reasons  this  is  not  shown  in  the  figure, 
which  is  essentially  diagrammatic. 
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examination  of  the  optic  disc  if  the  above  precautions  be  adopted, 
but  It  frequently  prevents  a  view  being  obtained  of  other  parts 
of  the  fundus.  The  pupil  contracts  less  if  a  plane  mirror  be 
used,  and  still  less  with  an  ophthalmoscope  on  the  principle  of 
Helmholtz's.  The  use  of  a  mydriatic  is,  however,  often  necessary 
or  advisable. 

The  small  size  of  the  pupil  is  a  more  serious  obstacle  to  the 
indirect  method,  owing  to  the  greater  concentration  of  the  light ; 
and  here  the  use  of  a  mydriatic  is  more  frequently  necessary. 
The  chief  difficulty  in  this  method  lies  in  manipulating  the  lens 
and  mirror  at  the  same  time.  The  best  plan  is  to  throw  the 
light  on  the  eye  first  with  the  mirror  alone,  then  to  interpose 
the  lens,  holding  it  at  a  little  less  than  its  own  focal  distance 
from  the  patient's  eye  ;  the  head  must  then  be  moved  backwards 
and  forwards,  care  being  taken  not  to  lose  the  red  reflex,  until 
the  details  of  the  fundus  are  clearly  seen.  If  any  trouble  arises 
from  an  image  of  the  flame  or  mirror  being  seen  reflected  in  the 
lens,  a  very  slight  rotation  of  it  on  its  vertical  axis  throws  the 
image  out  of  the  way. 

In  order  to  see  any  peripheral  part  of  the  fundus  with  the 
direct  method,  the  patient  must  be  told  to  look  in  the  corre- 
sponding direction — e.g.  upwards  for  the  upper  part  of  the 
fundus,  downwards  for  the  lower.  With  the  indirect  method,  it 
should  be  borne  in  mind  that  the  image  moves  in  the  same  direc- 
tion as  the  lens,  and  in  the  reverse  direction  to  the  surgeon's 
head  ;  by  a  combined  movement,  therefore,  in  opposite  directions, 
of  lens  and  mirror,  the  part  of  the  fundus  which  is  visible  may 
be  changed  at  will. 


Section  VI. — Methods  of  Estimating  Refraction. 

We  are  now  in  a  position  to  consider  the  various  modes  of  esti- 
mating the  exact  refraction  of  the  eye.  These  are  very  numerous, 
but  they  mostly  come  under  one  of  two  heads :  either  they  are 
subjective  in  character — that  is,  they  depend  on  the  visual  sensa- 
tions of  the  patient — or  they  are  objective,  and  depend  on  what 
the  surgeon  himself  observes.  The  subjective  methods  for  the 
most  part,  though  not  entirely,  are  founded  on  changes  made 
in  the  patient's  vision  by  glasses.     Such  a  method  has  the 
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obvious  disadvantage  that  the  results  depend  on  the  statements 
of  the  patient,  who  may  be  stupid  or  ignorant.  On  the  other 
hand,  with  an  intelHgent  subject  it  is  often  the  quickest;  and 
as  the  object  of  the  examination  is.  usually  to  ascertain  what  is 
the  most  suitable  glass,  its  results  are  more  appreciated  by  the 
patient.  Some  methods  combine  both  the  subjective  and  ob- 
jective principles,  and  few  surgeons  care  to  rely  upon  either 
exclusively  in  a  difficult  case. 

i.  Testing  by  trial  lenses.— At  the  outset  the  reader  is  again 
reminded  that  a  perfectly  emmetropic  eye  has  clear  retinal 
images  of  distant  objects  without  the  use  of  amj  accommoda- 
tion, and  a  glass  does  not  correct  an  ametropic  eye  (i.e.  neutra- 
lise its  ametropia)  unless  it  places  it  in  this  condition. 

If  the  reader  has  followed  what  has  already  been  said  con- 
cerning myopia  and  hypermetropia,  he  will  often  be  able  to 
form  a  correct  opinion  in  a  given  case,  from  the  patient's  de- 
scription of  the  symptoms,  as  to  which  of  these  errors  is  the 
more  likely  to  be  present ;  it  will  be  better,  however,  for  the 
present  to  disregard  the  symptoms  altogether,  and  to  suppose 
the  diagnosis  to  be  made  entirely  by  means  of  the  test-glasses. 

The  patient  should  be  placed  at  a  distance  of  6  m.  (20  ft.) 
from  Snellen's  test-types,  and  it  should  be  ascertained  what  is 
the  smallest  line  which  can  be  read  by  the  eye  under  examina- 
tion— it  is,  of  course,  essential  that  the  other  eye  should  be 
covered — and  the  result  should  be  noted  in  the  manner  de- 
scribed on  p.  402.  It  is  a  good  plan  now  to  test  the  near  vision 
with  the  reading-types,  not  because  it  is  always,  or  even  gener- 
ally, essential  for  ascertaining  the  refraction,  but  because  it  may 
be  required  for  this  or  for  other  purposes,  and  if  not  done  at  this 
stage  is  apt  to  be  forgotten.  In  noting  the  near  vision,  the 
smallest  type  should  be  found  which  the  patient  can  read,  choos- 
ing his  own  distance,  and  then  the  farthest  and  the  nearest 
point  at  which  he  can  see  it. 

Example.— B  i  V=^  and  0-5  Sn.i    20-50  cm.^ 

'  The  letters  R  and  L  are  used  throughout  to  indicate  the  right  and  left 
eye  respectively.    Sn.  indicates  Snellen's  reading-types,  and  J.  those  of  Jaeger. 

It  is  more  consistent  with  the  plan  on  which  these  tests  are  an-anged 
that  the  metrical  notation  should  be  maintained  throughout,  but  the  result 
may  be  expressed  in  inches  if  preferred. 
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If  distant  vision  is  found  to  be  normal,  it  does  not  follow 
that  tlae  eye  is  emmetropic,  unless  it  can  be  proved  tliat  no 
accommodation  was  used  ;  myopia,  however,  is  excluded. 

The  distant  vision  having  been  noted,  a  weak  convex  lens 
(  +  0-50  D)  is  placed  before  the  eye;  the  subsequent  steps  of 
the  test  will  depend  on  the  effect  which  this  has  on  vision ; 
these  will  therefore  be  considered  under  two  separate  headings.' 

A.  Vision  is  not  rendered  worse  hy  a  weah  convex  lens. 

B.  Vision  is  rendered  worse  hy  it. 

A.  If  distant  vision  is  not  impaired  by  a  convex  lens, 

hypermetropia  is  present ;  for  the  effect  of  the  lens  is  to  render 
the  parallel  rays  convergent,  and  only  a  hypermetropic  eye  can 
focus  converging  rays  {vide  p.  422).  The  strength  of  the  lens 
should  now  be  gradually  increased  until  the  strongest  is  found 
which  the  patient  can  bear  without  vision  being  made  any 
worse ;  an  amount  of  hypermetropia  corresponding  at  the  least 
to  this  must  be  present.  The  error  thus  discovered  is  called 
the  manifest  hypermetropia  (MiH.) 

6  6 
Exannple. — Supposing  that  vision  of  -  is  changed  to  -  by 

the  addition  of  +1-5  D,  and  that  a  stronger  glass  impairs 
vision,  the  result  is  written  thus  : 

L  F=|+l-50  D  =  |, 
9  o' 

therefore  l-50=the  manifest  hypermetropia.  In  the  same  way, 
if  vision  remained  the  same  with  the  addition  of  a  convex  glass, 
the  glass  would  be  the  measure  of  the  manifest  hypermetropia, 
and  the  result  might  be  written  thus  : 

iF=^  +  2D  =  M.H. 
5 

We  saw,  however,  on  p.  423  that  hypei-metropia  may  be 
concealed  by  the  action  of  the  accommodation ;  and  having 
found  the  manifest  hypermetropia  by  the  above  method,  we 
have  no  guarantee  that  a  further  amount  does  not  still  remain 
concealed  by  the  accommodation.  As  a  matter  of  fact,  in  young 
subjects  this  is  usually  the  case,  for,  having  constantly  to 
accommodate  in  order  to  see,  the  act  is  performed  instinctively 
as  soon  as  an  effort  is  made  to  look  attentively  at  an  object ; 
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and  although,  by  a  very  gradual  transition  from  the  weaker  to 
the  stronger  glasses,  the  accommodation  can  be  coaxed  to  relax 
to  a  certain  extent,  some  frequently  remains  in  use  concealing 
an  unknown  quantity  of  hypermetropia,  which  is  therefore  said  to 
be  latent  It  is  of  course  possible  that  the  whole  of  the  hyper- 
metropia may  be  latent,  so  that  the  fact  that  a  weak  convex  lens 
renders  vision  worse  does  not  necessarily  exclude  the  existence 
of  hypermetropia.  But  it  is  rare,  except  in  childi-en,  for  all  the 
hypermetropia  to  be  latent ;  in  patients  over  thirty,  on  the 
other  hand,  it  is  unusual  for  any  to  be  latent.  If  the  patient's 
'  near-point '  is  farther  away  than  it  should  be  at  his  age  (see 
table,  p.  407),  hypermetropia  may  be  suspected  to  exist,  although 

none  may  be  manifest. 

Not  only  may  the  action  of  the  ciliary  muscle  entirely  con- 
ceal the  existence  of  hypermetropia,  but  it  sometimes  passes 
into  a  condition  of  tonic  contraction  in  excess  of  that  required 
for  distant  vision,  so  that  the  eye  is  maintained  in  a  condition  of 
accommodation  for  a  near  point.  As  this  spasmodic  contraction 
cannot  be  voluntarily  relaxed,  the  eye  appears  to  be  short-sighted. 
This  spasm  of  the  accommodation  undergoes  a  partial,  and  some- 
times a  complete,  relaxation  in  the  dark,  so  that  by  examination 
with  the  ophthalmoscope  in  the  dark  room  the  apparent  myopia 
(see  p.  421)  may  be  proved  to  be  fictitious,  or  the  existence  of 
hypermetropia  be  diagnosed. 

In  order  to  ascertain  with  certainty  the  amount  of  latent 
hypermetropia  it  is  necessary  to  paralyse  the  accommodation. 
There  are  several  agents,  called  mydriatics,  by  which  this  can 
be  temporarily  accomplished.  The  commonest  of  these  is  sul- 
phate  of  atropine.  A  solution  in  water  of  the  strength  of  1  per 
cent,  (4  gr.  to  the  oz.)  is  the  best  for  the  purpose,  and  it  should 
be  dropped  into  the  eye,  if  complete  paralysis  of  the  accom- 
modation is  required,  three  times  a  day  for  about  three  days. 
In  young  children,  owing  to  the  greater  strength  of  the  accom- 
modation in  them,  it  is  often  necessary  to  use  it  for  a  week  or 
more.  The  final  application  should  always  be  made  about  an 
hour  before  the  examination  of  the  eye.  In  addition  to  the 
paralysis  of  the  accommodation  the  pupil  is  widely  dilated,  and 
the  effect  does  not  fully  pass  ofi*  for  a  week  or  ten  days  after  the 
last  application. 
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Owing  to  the  serious  inconvenience  that  a  patient  suffers  from 
the  slow  recovery  of  the  function  of  accommodation  after  atropine 
other  agents  have  been  employed  as  mydriatics  whose  action  is  less 
lasting  The  sulphates  of  daturin  and  duboisin  act  efficiently  but 
although  the  effect  lasts  only  about  half  as  long  as  that  of  atropine' 
It  IS  long  enough  to  cause  serious  inconvenience.  Duboisin  more- 
over, has  the  further  disadvantage  that  it  occasionally 'causes 
vertigo  and  even  delirium  ;  hence  these  drugs  are  seldom  used 
except  when  atropine,  as  occasionally  happens,  causes  conjunctival 
irritation. 

A  much  more  useful  agent  is  the  hydrobromate  of  homatropine, 
as  Its  effect  entirely  passes  off  in  twenty-four  hours,  and  generally 
m  a  much  shorter  time.  Whether  it  can  be  relied  upon  in 
children,  and  in  cases  of  spasm  of  the  accommodation,  to  produce 
complete  paralysis,  is  a  point  which  more  extended  experience  is 
needed  to  determine.  It  is,  however,  quite  efficient,  in  ordinary  cases, 
if  used  of  a  strength  of  1^  per  cent.  (6  gr.  to  the  oz.)  and  at  short 
intervals.  As  the  effect  is  so  transient,  it  is  probably  useless  to 
prescribe  its  use  for  several  days  ;  the  best  plan  is  to  let  the  patient 
use  it  three  times  on  the  morning  of  his  visit,  at  intervals  of  half  an 
hour,  and  every  ten  minutes  during  the  hour  preceding  examination. 
The  combination  of  hydrochlorate  of  cocaine  2  per  cent,  with  the 
homatropine  appears  to  increase  its  effect  both  in  the  dilatation  of 
the  pupil  and  in  the  paralysis  of  the  ciliary  muscle.  The  first 
application,  however,  of  this  mixture  causes  considerable  smarting, 
and  so  is  likely  to  be  resented  by  children  at  the  second  instillation. 

The  effect  of  a  mydriatic  on  a  hypermetrope  is  to  render  his 
distant  vision  worse.  The  eye  being  under  the  influence  of 
atropine,  the  liypermetropia  is  again  tested  by  convex  lenses 
until  the  one  is  found  which  gives  the  best  result ;  this  should 
be  at  least  as  good  as  that  obtained  before  the  use  of  atropine. 

Example :  Date  i  F=  |  +  1  -50  =  | 

Date  (Atrop-i)  L  F=A+2-50=|. 

24  o 

In  this  case  the  manifest  hypermetropia  is  1'5  D,  and  the  total 
2-5  D  ;  the  amount  of  latent  H.  therefore  is  1  D. 

If  vision  is  improved  by  convex  lenses  up  to  a  certain  point, 
but  not  to  the  normal  standard,  compound  hypemietrojiic 
astigmatism  (see  p.  426)  may  be  suspected  to  be  present.  If 
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the  result  obtained  by  convex  lenses  is  not  as  good  as  that 
wbiob  was  obtained  before  atropine  was  used,  astigmatism  is 
almost  certainly  present. 

B.  Convex  lenses  render  vision  worse. — (ct)  Distant  vision 
is  normal. — The  condition  cannot  be  myopia,  but  may  be  (i.) 
emmetropia  ;  or  (ii.)  latent  liypermetropia. — Latent  hypermetropia 
may  be  suspected  if  the  patient  is  under  thirty,  if  the 
symptoms  are  those  of  hypermetropia  (see  p.  423),  and  if  the 
near-point  is  farther  away  than  it  should  be  at  the  patient's  age. 
The  diagnosis  can  generally  be  established  by  the  ophthalmo- 
scope (see  Retinoscopy).  If  these  symptoms  are  absent,  and  if 
the  ophthalmoscope  fails  to  discover  any  hypermetropia,  we 
may  assume  that  the  eye  is  emmetropic.  If,  however,  symptoms 
are  present  and  persist,  it  is  often  advisable  to  paralyse  the 
accommodation;  if  distant  vision  is  then  still  normal,  the 
eye  is  emmetropic ;  if  it  is  impaired,  hypermetropia  is  pre- 
sent, and  the  amount  must  be  ascertained  in  the  manner 
already  described. 

(&)  Distant  vision  is  subnormal. — The  condition  is  either 
(i.)  myopia  (or  spasm  of  the  accommodation),  or  (ii.)  astig- 
matism. 

(i.)  Distant  vision  is  improved  by  concave  spherical  lenses. — 
Near  vision  is  good — i.e.  0-50  Sn.  can  be  read  fluently;  the 
near-point  is  nearer  than  corresponds  with  the  patient's  age, 
myopia  is  present. 

Spasm  of  the  accommodation  may  cause  an  eye  to  resemble 
myopia  in  all  respects — indeed,  an  eye  under  such  circumstances 
is  to  all  intents  and  purposes  myopic  for  the  time  ;  spasm  suffi- 
cient to  produce  this  condition  rarely  occurs,  however,  except 
in  children,  and,  if  the  accommodation  be  paralysed  by  the  use 
of  atropine — and  in  children  it  is  always  safer  to  do  this — the 
true  refraction  of  the  eye  can  be  ascertained. 

If  concave  lenses  bring  distance  up  to  the  normal  standard, 
the  case  is  one  of  myopia  only.  If  vision  is  improved,  but  not 
to  the  normal  standard,  the  case  is  one  of  convpound  myopic 
astigmatism  ^ — see  below,  under  (ii.) 

>  Assuming,  of  course,  that  the  defective  vision  is  due  to  an  error  of  re- 
fraction; it  must  be  remembered,  however,  that  morbid  changes  in  the  fundus 
are  very  frequently  met  with  in  myopm. 
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Before  endeavouring  to  find  the  lens  which  corrects  the 
myopia,  the  far-point  should  be  ascertained  ;  this  is  done  by 
finding  the  smallest  of  the  reading-types  which  the  patient  can 
read  (which  in  uncomplicated  myopia  is  0-50  Snellen),  and 
then  ascertaining  what  is  the  greatest  distance  at  which  he  can 
read  it.    For  example  : 

V  <  (less  than)  ~,  &  0-50  Sn.  at  20  cm.  (p.r.) 

If  the  punctum  remotum  of  a  myopic  eye  can  be  with 
accuracy  determined,  the  degree  of  error  is  manifest;  for  the 
lens,  the  focal  distance  of  which  corresponds  to  the  distance  of 
the  punctum  remotum,  is  the  measure  and,  at  the  same  time, 
the  correction  of  the  myopia  present. 

The  focus  of  this  lens  must  coincide  with  the  far-point  of 
the  eye,  so  that  parallel  rays  will  be  rendered  as  divergent  as 


Fig.  163.— Parallel  Kays  entering  a  Myopic  Eye  through  a  Biconcave  Lens. 

they  would  be  if  they  came  from  the  far-point  (see  fig.  163). 
They  will  therefore  be  focussed  on  the  retina  without  any 
accommodation  being  used,  and  distant  objects  will  be  seen 
under  the  same  conditions  as  in  emmetropia.  A  stronger 
lens  will  render  the  rays  more  divergent;  but,  as  they  can  still 
be  focussed  on  the  retina  if  the  accommodation  is  called  into 
play,  vision  is  not  necessarily  rendered  worse.  Hence  the 
tueakesi  concave  lens  which  gives  the  best  vision  is  the  glass 
to  be  chosen. 
Example. — 

r  6 
LYK  ^,  &  0-50  Sn.  at  20  cm.  (p.r.)c-5  D,  V--~. 

60  " 
A  lens  with  a  focal  length  of  20  cm.,  or  one-fifth  of  a  metre, 
is  one  of  5  D  (see  p.  429). 
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In  Ugh  degrees  of  myopia,  however,  the  '  far-point '  cannot 
be  accurately  determined  in  this  manner.  For,  owing  both  to 
the  nearness  of  the  type  and  the  length  of  the  eye,  the  retinal 
images  are  so  large  that  their  form  can  be  recognised,  even 
when  they  are  not  accurately  focussed.  Hence  the  letters  of 
0-50  Sn.  can  sometimes  be  read,  even  when  placed  he%jond  the 
patient's  far-point.  On  the  other  hand,  if,  as  is  frequently  the 
case,  there  are  morbid  changes  in  the  fundus,  which  have 
lowered  the  visual  acuity,  the  patient  may  find  it  necessary  to 
hold  the  type  at  a  shorter  distance  than  the  true  '  far-point '  of 
the  eye. 

If  a  concave  lens  improves  vision,  but  does  not  bring  it  up 
to  normal  standard,  and  there  are  no  other  morbid  conditions, 
the  case  is  one  of  com/pound  myopic  astigmatism. 

(ii.)  Distant  vision  is  not  improved  by  concave  spherical  lenses. — 
The  case  is  probably'  one  of  simple  or  mixed  astigmatism. 
Astigmatism  is  also  present  when  the  distant  vision  cannot  be 
brought  up  to  the  normal  standard  by  spherical  lenses  (see 
above,  tinder  i.) 

Subjective  tests  for  astigmatism. — (a)  If  vision  is  improved 
hy  spherical  lenses.,  compound  hypermetropic  astigmatism  or 
compound  myopic  astigmatism  is  present.  Place  the  lowest 
sphere  which  gives  the  best  distant  vision  in  front  of  the  eye  in 
an  astigmatic  trial  frame  (fig.  156) — (always  test  one  eye  at 
a  time,  keeping  its  fellow  covered) ;  in  front  of  this  place  a 
stenopaic  slit  (a  black  metal  disc  with  a  slit  running  across  its 
centre,  25  mm.  long  and  1  mm.  wide)  and  rotate  it  slowly  until 
the  best  distant  vision  is  obtained.  Try  now  if  a  lower  sphere 
improves  the  vision — if  so,  substitute  it.  The  sphere  with  which 
the  best  vision  is  obtained  is  the  measure  of  the  refraction  in 
this,  the  meridian  of  least  error.  Now,  with  this  correction,  turn 
the  disc  round  at  right  angles  to  its  present  position  so  that  the 
slit  is  parallel  to  the  meridian  of  greatest  error — the  test-types 
become  indistinct  again.  The  sphere  which  now  gives  the 
greatest  improvement  in  vision  is,  in  combination  with  the 
weaker  sphere  in  the  frame,  the  measure  of  the  error  in  this 
the  greater  ametropia  meridian.  Change  this  last  sphere  for  a 
cylinder  lens  of  equal  strength,  fixing  it  in  the  trial  frame  in 
the  place  of  the  stenopaic  slit  with  its  axis  at  right  angles  to 
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tlie  position  the  slit  last  occupied.  This  combination  of  lenses 
is  the  correction  of  the  astigmatic  ametropia. 

(6)  Vision  is  not  imiorovpd  hy  sjjherical  lenses. — 8imple 
hyije'^-metroinc  astigmatism,  simjjle  mycypic  astigmatism  or  mixed^ 
astigmatism  is  present.  Place  a  stenopaic  slit  in  front  of  the 
eye  and  rotate  it  slowly ;  if  in  any  meridian  vision  is  normal, 
turn  the  slit  at  right  angles  to  it,  i.e.  parallel  to  the  ametropic 
meridian,  and  try  spherical  glasses;  the  sphere  which  now  gives 
normal  vision  is  the  measure  of  the  ametropia  in  this  meridian. 
In  its  stead  place  a  cylinder  with  its  axis  at  right  angles  to 
the  direction  the  slit  occupied  last — the  error  will  be  corrected 
by  this  glass. 

If  vision  cannot  in  any  meridian  be  brought  to  normal  by 
th  e  use  of  the  stenopaic  slit,  mixed  astigmatism  is  present. 
Place  a  low  sphere,  convex  or  concave  (  +  1  D  or  —  1  D)  behind 
the  slit  and  turn  the  latter  slowly  round  until  the  best  meridian 
is  found.  Try  if  a  strong  sphere  can  be  borne ;  if  so,  substitute 
the  one  which  gives  best  distant  vision.  Now  rotate  the  disc 
till  its  slit  is  at  right  angles  to  this  meridian,  and  try  spherical 
glasses  of  the  opposite  kind  to  that  first  used ;  the  sphere  which 
gives  the  best  distant  vision  is,  with  the  strength  of  the  first 
sphere  subtracted,  the  measure  of  the  error  in  this  meridian. 
It  must  of  necessity  be  a  stronger  sphere  of  the  opposite  kind 
to  the  one  first  used,  in  order,  first  of  all,  to  neutralise  it  and 
then  to  exert  its  required  power.  A  cylinder  of  equal  strength 
substituted  for  the  slit  with  its  axis  at  right  angles  to  the 
position  which  the  latter  occupied  will  be  the  required  correc- 
tion. 

In  testing  with  the  stenopaic  slit,  the  results  are  as  a  rule 
unsatisfactory  unless  it  is  known  that  the  accommodation  is  in 
abeyance.    Individuals  under  thirty  years  of  age,  therefore, 
should  be  atropised,  otherwise  the  above  tests  are  unreliable. 
Exam/pie  1. — 

$  =  stenopaic  slit  with  slit  vertically  placed.  V  =  vision. 
<  =less  than.    0= combined  with. 

6 

2j-p"<_c  +  2-5D  sph.=  — Q  not  farther  improved  by  spheres. 

c  +  2-5  D  sph.  O  $  v=-  (now  try  a  lower  sphere). 
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6 

0  +  2  D  sph.  O  $  V  = 

6  . 

c  +  2  D  sph.  O  S  V  =      ;  i.e.  worse. 

c  +  2  D  sph.  O  &  and  O  +3  D  sph.  v  =  ; 

i.e.  i2  r  <      6-  +  2  D  sph.  O  +3  D  cyl.,  axis  vertical  =  1 
60 

(Compound  Hypermetropic  Astigmatism.) 

'Examijle  2. — 

L  V<^  not  improved  by  spheres. 
60 

In  no  meridian  can  the  slit  give  perfect  distant  vision. 

i  7  =  A  c-1  D  sph.  O  $v  =       not  improved  by  rotation 
36  1^ 
of  slit ; 

c-2  D  sph.  O  $v  =  ^. 
c— 2  D  sph.  O  Sv  = 

oo 

6 

c-2  D  sph.  O  Sand  O-f  3  D  sph.  = 

„  +4Dsph. 

/.  g 
-i.e.  iF  =  ^c  — 2D  sph.  O  +  4  D  cyl.,  axis  vertical  =  ^. 

36  o 

(Mixed  Astigmatism.) 

A  better  combination  would  be  +  2  D  sph.  3  —  4  D  cyl., 
axis  horizontal;  for,  wherever  it  is  possible,  the  axis  of  the 
cylinder  should  be  placed  horizontally  to  avoid  any  prismatic 
effect  that  would  occar  if  its  refracting  meridian  be  placed  in 
that,  the  horizontal  meridian. 

Another  subjective  test  for  astigmatism  with  the  stenopaic 
slit  is  by  the  use  of  radial  lines,  and  depends  upon  the  recogni- 
tion of  lines  instead  of  letters ;  the  vision,  therefore,  cannot  be 
estimated  without  also  referring  to  Snellen's  distant  test-types. 

Lines  about  a  foot  in  length  radiating  from  a  common  centre, 

G  G 
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with  angular  separations  of  30°,  should  be  placed  at  a  distance  of 
6  m.  m  a  good  lighb ;  one  line  will  appear  black  and  distinct  if  the- 
meridian  at  right  angles  to  it  be  emmetropic,  or  has  been  rendered 
so  by  a  correctmg  sphere;  in  all  the  otlier  meridians  they  will 
appear  blurred  and  indistinct,  especially  those  in  the  emmetropic 
meridian  (see  p.  427).  The  meridian  with  the  distinct  lines  and 
the  meridian  at  right  angles  to  it  are  the  principal  meridians. 

Place  a  stenopaic  slit  in  front  of  the  eye  and  rotate  it  until 
all  the  lines  are  seen  with  equal  clearness  and  definition :  this- 
is  the  emmetropic  (or  corrected)  meridian.  Eotate  the  slit  at 
right  angles  to  this  meridian  parallel  to  the  ametropic  meridian  : 
only  the  lines  which  were  seen  clearly  prior  to  the  use  of  the 
slit  are  now  seen  distinctly,  just  as  if  the  slit  had  been  removed. 
The  sphere  which  now  renders  the  lines  in  all  meridians  equally 
distinct  is  the  correcting  lens  for  this  meridian,  and  a  cylinder 
lens  should  be  substituted  with  its  axis  at  right  angles  to  this, 
the  ametropic  meridian. 

ii.  Other  subjective  tests.— There  are  other  subjective  tests 
for  astigmatism,  some  of  which  it  will  be  well  to  mention 
briefly.  Various  instruments,  called  optometers,  have  been 
devised  for  the  purpose  of  facilitating  the  estimation  of  the 
refraction ;  most  of  these  consist  essentially  in  an  arrangement, 
more  or  less  ingenious,  by  which  lenses  of  various  powers  and 
in  different  combinations  can  be  rapidly  placed  in  succession  in 
front  of  the  eye  which  is  to  be  examined,  the  test-object  being 
Snellen's  types ;  these  require  no  further  description  here. 

An  attempt  was  made  a  few  years  ago  to  utilise  the  prin- 
ciple of  a  very  old  test  known  as  Scheiner's.  This  depends  on 
the  fact  that  an  emmetropic  eye,  looking  at  a  point  of  light 
through  two  minute  apertures,  placed  close  together,  sees  the 
point  singly,  because  the  rays  which  pass  through  each  aperture 
meet  at  the  same  point  on  the  retina  ;  but  an  ametropic  eye 
under  the  same  cii'cumstances  sees  the  point  reduplicated, 
because  the  rays  coming  through  the  two  apertures  would  meet 
in  a  single  point  in  front  of  the  retina  in  myopia,  and  behind 
it  in  hypermetropia,  and  would  therefore,  in  either  case,  cut 
the  retina  in  two  separate  places  ;  the  test,  however,  is  not 
sufficiently  accurate  for  practical  use. 

Thompson  s  ametrometer  is  an  ingenious  instrument,  but 
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labours  under  tlie  same  disadvantage  as  the  preceding  test.  In 
it  two  small  flames  are  looked  at  from  a  distance,  and  the  size 
of  the  projected  images  of  the  circles  of  diffusion  which  they 
form  on  the  retina  is  measured  by  finding  the  extent  to  which 
the  flames  must  be  separated  in  order  that  their  images  should 
appear  to  touch  each  other,  but  not  to  overlap.  The  two  lights 
can  be  placed  in  any  meridian,  and  the  calculation  made  for 
the  meridian  of  the  eye  which  is  at  right  angles  to  it. 

Testing  Candidates  for  the  Services. — Before  the  diflferent 
objective  methods  for  taking  refraction  are  described  it  will  be  well 
to  give  briefly  the  visual  acuity  and  the  refractive  condition  which 
will  allow  candidates  to  enter  the  different  Services,  since  they  are 
examined  almost  entirely  by  the  subjective  tests. 

1.  The  Royal  Navy. — Both  eyes  must  be  emmetropic  ;  visual 

acuity  must  be  normal  in  each  eye,  and  near  vision  must  also 

be  good.     Any  defect  in  colour-sense  will  disqualify  the  candidate. 

2.  The  Army. — (a)  Commissioned  Officers. — If  the  candidate  can- 

not  read  -    with  each  eye  separately  and  without  glasses,  he  will 
36 

not  be  considered  tit  for  the  Service. 

If  a  candidate  can  read  —  with  each  eye  separately,  but  his 

36 

visual  acuity,  though  improved  by  glasses,  is  still  subnormal  in  each 
eye,  he  will  not  be  considered  fit  for  the  Service. 

6 

The  minimum  for  each  candidate  is  —  with  each  eye  without 

36 

G  6 
glasses,      in  one  eye  and  not  less  than  —  in  the  other  when  pro- 
6  12 

perly  corrected  with  suitable  glasses  ;  at  the  same  time  he  must  be 

able  to  read  Snellen  0*5  at  half  a  metre. 

Good  colour-sense  and  binocular  vision  are  likewise  necessary 
accompaniments. 

(b)  Recruits. — Recruits  have  to  recognise  the  number  and 
position  of  '  dots '  on  a  card  at  a  given  distance. 

The  directions  for  using  the  '  Test  Dot  Card'  (fig.  164)  are  as 
follows  : 

(1)  Place  the  recruit  with  his  back  to  the  light  and  hold  the 
test-card  perfectly  upright  in  front  of  him,  letting  the  light  fall 
fully  on  the  card. 

(2)  Measure  off  with  precision  ten  feet  for  a  line  recruit  and 

o  u  2 
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five  feet  for  a  militia  recruit,  the  range  of  vision  for  the  latter  bein- 
only  300  yards. 

(3)  Examine  each  eye  separately.  The  eye  not  under  trial  should 
be  shaded  by  the  hand  of  an  assistant,  who  will  take  care  not  to 
press  on  the  eyeball. 

(4)  Expose  some  of  the  '  dots,'  not  more  than  seven  or  eight  at 
a  time,  and  desire  the  recruit  to  name  their  number  and  positions; 

vary  the  group  frequently  to 
avoid  deception. 

Each  '  dot '  corresponds  at 
a  distance  of  ten  feet  with  a 
bull's-eye  three  feet  in  dia- 
meter at  600  yards. 

3.  The  Indian  Civil  Ser- 
vice.— If,  with  proper  correc- 
tion, vision  is  not  less  than 

6  •  ,  .  6 

one  eye,  and  is   -  m  the 
J  0 

other,  the  candidate  will  not 

be  rejected. 

4.  The  Indian  Medical 
Service. — If  vision,  with  pro- 
per correction,  is  ^  in  one  eye, 

6 

and  is  not  less  than      in  the 
12 

other,  and  the  ametropia  does 
not  exceed  5  D,  the  candidate 
will  be  considered  fit  to  enter 
the  Service. 


Fig.  1G4.— The  '  Dot '  Test. 


Among  objective  tests, 
the  use  of  the  ophthalmo- 
scope takes  the  foremost 
place,  and  it  may  be  employed  in  several  ways ;  but  they  have 
this  feature  in  common,  that  the  result  depends  on  the  direction 
given  by  the  refracting  media  of  the  eye  to  the  rays  which  are 
reflected  from  the  retina,  these  rays  being,  as  we  have  seen, 
parallel  in  emmetropia,  convergent  in  myopia,  and  divergent  in 
hypermetropia. 

iii.  Testings  by  direct  Dphthalmoscopic  examination. — This 
test  was  very  warmly  advocated  by  Mr.  Couper  some  years  ago, 
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when  objective  tests  were  little  used,  and  has  been  extensively- 
practised  by  him  and  others ;  as  an  approximate  test  it  is  ex- 
ceedingly useful,  and  its  employment  should  be  cultivated  by 
everyone.  To  render  it  an  accurate  test  requires  considerable 
experience,  and  even  with  this  it  is  in  most  hands  inferior  to 
some  other  methods,  at  any  rate  in  astigmatism. 

An  ophthalmoscope  containing  a  series  of  convex  and  concave 
lenses  is  necessary,  and  the  surgeon  must  be  able  to  relax  his 
own  accommodation.  We  have  seen  that  in  emmetropia  the 
rays  from  the  fundus  are  parallel  on  leaving  the  eye,  and  that, 
therefore  they  are  focussed  on  the  surgeon's  retina  (if  his  ac- 
commodation is  relaxed)  when  his  eye  is  placed  close  behind 
the  sio-ht-hole  of  the  mirror,  and  when  the  latter  is  held  close  to 
the  eye  under  examination.  If  the  rays  coming  from  the  eye 
are  parallel,  as  in  emmetropia,  a  convex  lens  will  render  them 
convergent,  and  they  can  then  be  no  longer  focussed  by  the 
observer's  eye.    Hence — 

In  emmetropia  the  fundus  is  clearly  seen  without  any 
lens  behind  the  mirror,  and  a  convex  glass  renders  the  image 
bhirred. 

In  myopia  the  rays  are  convergent  on  leaving  the  eye ; 
hence  the  fundus  cannot  be  seen  by  an  emmetropic  eye  until 
they  have  been  rendered  parallel  by  a  concave  lens.  The 
weakest  concave  lens,  which  makes  the  details  of  the  fundus 
clear,  is  the  measure  of  the  myopia — provided  of  course  that 
neither  the  patient  nor  surgeon  is  using  his  accommodation ; 
if  a  stronger  lens  is  used,  the  rays  are  rendered  divergent,  and 
can  then  only  be  focussed  by  the  surgeon  using  his  accommoda^ 
tion;  this,  however,  is  done  instinctively,  and  by  most  people 
unconsciously,  so  that  the  fundus  is  still  clearly  seen  with  a 
concave  lens  much  stronger  than  that  required  to  correct  the 
myopia.    It  follows  from  what  has  been  said  that— 

hi  myopia  the  fundus  can  only  he  seen  by  using  a  concave 
lens;  and  the  iveaJcest  concave  glass  with  which  it  can  be  seen  is 
the  measure  of  the  myopia. 

In  hypermetropia,  the  patient's  accommodation  being  re- 
laxed, the  rays  leave  the  eye  diverging ;  a  clear  view  of  the 
fundus  can  therefore  be  obtained  only  by  the  surgeon  using  his 
accommodation.     Most  people  ai-e  unconscious  of  the  act  of 
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accommodation,  and  therefore,  seeing  the  fundus  clearly,  may 
think  that  the  eye  is  emmetropic  -  but  if  a  convex  glass  be 
now  placed  behind  the  mirror,  the  accommodation  partially 
relaxes,  and  the  fundus  is  still  clearly  seen.  It  follows  there- 
fore that — 

The  fundus  of  a  hypermetro])iG  eye  can  he  seen  with  a  convex 
lens;  and  the  strongest  convex  lens  with  which  it  can  he  clearly 
seen  is  the  measure  of  the  hypermetropia. 

To  recapitulate. — The  patient's  accommodation,  and  that 
of  the  surgeon,  being  relaxed, — If  the  fundus  is  clearly  seen 
without  any  lens  behind  the  mirror,  the  case  may  be  one  of 
emmetropia  or  hypermetropia,  but  cannot  be  myopia.  If  a 
convex  lens  renders  the  image  blurred  it  is  emmetropiia,  if  it 
remains  distinct  it  is  hypermetropia.  If  the  fundus  can  only  be 
clearly  seen  with  a  concave  lens  it  is  myopia. 

The  weaTcest  concave  lens  is  the  measure  of  the  myopia. 

The  strongest  convex  lens  is  the  measure  of  the  hypermetropia. 

In  astigmatism  the  disc  appears  to  be  of  an  oval  shape, 
and  the  vessels  which  run  in  different  directions  are  viewed 
under  different  conditions ;  thus,  supposing  the  eye  to  be  em- 
metropic in  the  horizontal  meridian,  and  myopic  in  the  vertical, 
the  vertical  vessels  will  be  clearly  seen,  but  the  horizontal  will 
require  a  concave  lens  to  render  them  distinct.  This  follows 
from  what  was  said  on  p.  427,  for  since  the  rays  from  any  point 
on  the  retina  which  come  out  through  the  horizontal  meridian 
are  parallel,  they  are  focussed  on  the  observer's  retina,  and  by 
the  rule  there  given  a  vertical  linear  image  of  the  point  will  be 
formed  on  the  observer's  retina;  if  now  a  vertical  vessel  be 
looked  at,  it  is  seen  clearly,  because  all  its  points  form  elongated 
vertical  images  which  overlap  one  another;  the  horizontal 
vessel,  on  the  contrary,  looks  blurred,  because  the  images  of  its 
points  are  elongated,  not  in  the  direction  of  its  length,  but 
across  it ;  but  if  a  concave  lens  is  placed  behind  the  mirror,  of 
such  a  strength  as  to  bring  the  rays  coming  through  the 
vertical  (myopic)  meridian  to  a  focus  on  the  retina,  the  hori- 
zontal vessels  will  be  clearly  seen  (see  figs.  1  and  2  on  opposite 
page). 

Hence  we  get  this  rule  for  the  estimation  of  astigmatism : 

The  refraction  of  either  principal  meridian  can  he  ascertained 
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^  fincliwj  the  iceakest  concave  or  strongest  convex  lens  with 
ivhich  the  vessels  whose  course  is  at  right  angles  to  that  meridian 
■can  be  seen. 

Witli  practice  it  is  possible  to  estimate  astigmatism  with 
great  accuracy  by  this  method  in  most  cases,  but  there  are 
several  difficulties.  On  the  disc  itself  vessels  can  usually  be 
found  running  in  several  directions,  but  the  refraction  of  the 
region  of  the  yellow  sioot,  and  not  that  of  the  optic  disc,  is  what 
is  required,  and  in  the  region  of  the  macula  there  are  but  few 
vessels  to  be  found,  and  these  frequently  do  not  lie  in  the 
principal  meridians.  Mr.  Tempest  Anderson  has  endeavoured 
to  remove  this  difficulty  by  an  ingenious  apparatus  by  which  an 
image  of  fine  wires  radiating  from  a  common  centre  is  thrown 
on  the  retina,  those  of  the  lines  which  correspond  to  the  princi- 
pal meridians  of  refraction  being  used  as  test-objects. 

iv.  Testing  by  the  indirect  method  of  ophthalmoscopic  exami- 
nation. 

Upon  examining  the  fundus  by  the  indirect  method,  if  the 
details  appear  smaller  than  natural,  myopia  may  be  suspected  ;  if 
larger,  then  hypermetropia  is  present. 

'In  emmetropia  the  image  of  the  disc  remains  of  the  same  size, 
-whatever  is  the  distance  of  the  lens  from  the  observed  eye. 

In  myopia  the  image  of  the  disc  enlarges  as  the  lens  is  icith- 
drawn  from  the  eye. 

In  hypermetropia  it  diminishes. 

In  astigmatism  the  shape  of  the  disc  appears  to  change  as 
the  lens  is  withdrawn  j  when  the  latter  is  close  to  the  eye, 
the  disc  appears  oval,  the  long  diameter  corresponding  to  the 
meridian  of  least  refraction  (which  is  the  reverse  of  what  occurs 
in  the  direct  method) ;  as  the  lens  is  withdrawn  the  relative 
size  of  the  diameters  changes  until  the  long  axis  corresponds 
with  the  meridian  of  greatest  refraction. 

V.  Testing  with  mirror  alone,  held  at  a  distance. — (a) 
Fundus-image  test.  (b)  lletinoscopy. — In  addition  to  the 
methods  of  using  the  ophthalmoscope  already  described,  the 
two  following  are  very  useful  in  estimating  refraction  ;  in  both 
the  ophthalmoscopic  mirror  alone  is  employed,  and  is  held  at  a 
considerable  distance  from  the  eye.  The  first  of  these  may  be 
called  the  *  fundus-image '  test ;  the  other  has  been  called 
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'  retinoscopy,'  but  would  be  more  appropriately  designated  by 
some  such  term  as  '  shadow  test.' 

(a)  Fundus-image  test.— If  the  mirror  be  held  at  a  con- 
siderable distance  from  an  ermnetrojnc  eye,  no  image  of  any 
details  of  the  fundus  is  seen,  but  only  a  red  reflex;  this  is 
because  only  the  very  minute  point  of  the  fundus  is  seen,  which 
lies  on  the  axis  along  which  light  is  reflected  into  the  eye,  foi- 


Fig.  165. — Emergent  Rays  in  Emmetropia. 


the  rays  from  any  other  point  on  the  fundus  form  a  pencil  of 
rays  parallel  to  the  axis  on  which  the  point  is  situated,  so  that 
by  the  time  the  rays  from  any  two  such  points  have  reached 
the  distance  at  which  the  observer's  eye  is  placed  the  twa 
pencils  are  widely  separated  (fig.  165). 

In  myopia  and  hypermetropia,  however,  a  portion  of  the 
fundus  is  seen  whose  extent  is  in  proportion  to  the  degree  of 
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Fig.  166. — Emergent  Eays  in  Myopia. 


ametropia.  In  myopia,  as  we  have  seen,  a  real  inverted  image 
(a'  h\  fig.  166)  of  the  fundus  is  formed  in  the  aii'  at  the  patient's 
'  far-point,'  and,  since  this  is  in  front  of  the  patient's  eye,  it 
appears  when  the  observer's  head  is  carried  from  side  to  side 
to  move  in  the  opposite  direction. 

In  hypermetropia  the  emerging  rays  form  divergent  pencils ; 
hence  the  image  of  the  fundus  is  virtual  and  erect,  and 
is  formed  behind  the  patient's  eye  (see  fig.  167);  it  there- 
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fore  appears  to  move  in  the  same  direction  as  the  observer's 
head. 

Hence  we  get  this  rule : 

If,  while  the  mirror  is  held  two  feet  or  more  from  the  eye,  any 
details  of  the  fundus  are  seen,  the  eye  is  either  hypermetropic 
myopic.     If  the  vessels  move  in  the  same  direction  as  the  head,  it 
is  hypemietropic ;  if  in  the  opposite  direction,  it  is  m.yopic. 


a- 


Fig.  1G 7.— Emergent  Eays  in  Hypermetropia. 

(b)  Retinoscopy,  or  the  shadow-test. — When  h'ght  is  reflected 
into  an  eye  from  a  mirror  held  at  a  distance  of  a  little  over  a 
metre,  and  the  mirror  rotated  to  and  fro  on  one  of  its  axes,  the 
appearance  seen  through  the  sight-hole  of  the  mirror  varies  with 
the  refraction  of  the  eye. 

Let  the  person  under  examination  sit  in  a  dark  room  with 
the  light  above  and  slightly  behind  the  plane  of  the  head.  The 
examiner  should  sit  in  front  at  a  distance  of  one  metre,  and 
reflect  the  light  with  the  larger  mirror  of  the  ophthalmoscope  into 
the  eye  to  be  tested. 

In  one  position  of  the  mirror  the"  whole  pupil  is  occupied 
by  a  red  reflex,  but  if  it  be  rotated  slightly  this  red  reflex  shifts 
its  position  on  the  fundus,  so  that  a  limited  area 
of  the  pupil  becomes  darkened,  and  the  appearance 
presented  is  that  of  a  shadow  creeping  a  short  dis- 
tance over  the  pupillary  area  (fig.  168). 

This  darkened  portion  of  the  pupillary  reflex  is     j^j^  ^gg 
due  to  the  shadow  of  the  iris  on  the  fundus. 

If  a  concave  mirror  he  used  the  '  shadow '  appears  to  move  in 
the  same  direction  as  the  rotation  in  myopia,  and  in  the  opposite- 
direction  in  hypermetropia. 

If  a  plane  mirror  he  used  this  phenomenon  is  reversed  :  the 
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'shadow'  appears  to  move  in  the  opposite  direction  in  myopia 
and  m  the  same  direction  in  hypermetropia.  ' 

Before  considering  how  these  facts  may  be  utilised  as  an 
accurate  test,  not  only  of  the  kind  of  error,  but  also  of  its 
degree,  it  would  be  well  to  exjDlain  the  rationale  of  the  pheno- 
mena. 

When  rays  of  light  from  a  lamp  (l,  fig.  169)  fall  on  a  con- 
cave mirror  (m,)  they  are  rendered  convergent,  and  an  inverted 
image  of  the  lamp  flame  {l^)  is  formed  in  the  air  just  beyond 
the  principal  focus  of  the  miiTor,  which  should  be  aljout  25  cm. 
From  this  aerial  image  the  fundus  is  illuminated.  If  the  mirror 
be  rotated  in  any  direction — say  downwards — as  toMj  the  aerial 
image  of  the  lamp  flame  will  move  in  the  same  direction,  as  to 


Fig.  1C9. — Positions  of  Lamp,  Mirror,  and  Eye  in  Shadow-test. 

(see  fig.  1G9).  If  the  eye  is  only  slightly  myopic,  so  that  its  '  far- 
point  '  coincides  with  the  position  of  Zj  or  l^,  a  well-defined  erect 
image  of  one  of  these  will  be  formed  on  the  retina  at  l\  or  l'^ ; 
and  since  the  relative  position  of  external  objects  is  inverted  on 
the  retina,  the  lower  the  aerial  image  the  higher  will  be  that  on 
the  retina. 

But  since  it  is  exceptional  for  the  far-point  of  a  myopic  eye 
ajid  the  aerial  image  of  the  lamp  to  coincide,  the  usual  illumina- 
tion on  the  fundus  is  an  erect  di^usioiiAmage  of  the  inverted  aerial 
image  of  the  lamp. 

This  difiusion-image  or  fundus-ilkimination,  taking  the  shape 
of  the  pupil,  is  usually  circular  in  outline,  but  may  be  oval 
should  astigmatism  exist. 
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Its  size  may  vary  in  two  ways  : 

(a)  According  to  the  size  of  the  pupil. 

(b)  According  to  the  amount  of  refractive  error. 

The  pupil  is  usually  dilated,  and  may  be  considered  a  fixed 
quantity  ;  but,  with  regard  to  tlie  latter,  it  may  vary  considerably, 
thus  : 

A.  The  greater  the  error — 

1.  The  larger  the  diffusion-image ; 
therefore  :     {a)  the  feebler  the  illumination  ; 

{h)  the  less  definite  the  shadow  (from  diminished 
contrast). 

2.  The  nearer  the  image  {real  or  virtual)  of  the  fundus- 
illumination  to  the  nodal  point  of  the  dioptric  system  ; 

therefore  :     (c)  the  slower  the  movement  of  the  shadow  ; 

(d)  the  shorter  the  distance  it  moves  ovei'  the 
-.illuminated  pupil. 

B.  The  less  the  error — 

(a)  the  brighter  the  illumination ; 
(6)  the  more  definite  the  shadow ; 

(c)  the  more  rapidly  it  moves  j 

(d)  the  larger  the  area  of  the  pupillary  reflex  it 

travels  over. 

It  is  evident  that  the  shadow  will  move  more  slowly  the 
nearer  the  image  of  the  fundus-illumination  is  to  the  nodal  point 
of  the  eye,  because  it  travels  through  an  arc  of  a  smaller  circle. 

The  fundus-illumination  always  moves  in  an  opposite  direction  to 
the  movement  of  the  reflected  image  of  the  lamp,  whatever  the  error  of 
refraction  and  whatever  Jcind  of  mirror  (plane  or  concave)  is  in  use. 

This  fact  is  readily  understood  by  referring  to  figs.  171  and 
173.  If  a  concave  mirror  is  used,  the  fundus-illumination  moves 
upwards  upon  downward  rotation  of  the  mirror,  because  the  in- 
verted aerial  image  of  the  lamp  in  front  of  the  mirror  moves 
downwards.    (Sect.  I.  A.  p.  381.) 

If  a  plane  mirror  is  used,  the  fundus-illumination  moves 
downwards  upon  downward  rotation  of  the  mirror,  because  the 
virtual  erect  image  of  the  lamp  behind  the  mirror  moves  up- 
wards.   (Sect.  I.  A.  p.  377.) 

In  taking  the  refractive  errors  seriatim,  a  concave  mirror  will 
be  considered  in  use. 
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It  IS  well  to  thoroughly  understand  that  it  is  the  movement 
of  the  wiage  of  the  fundus-iUumination,  not  the  fundus-iUumina- 
tion  Itself,  which  demonstrates  the  kind  of  ametropia. 

In  Hypermetropia  (fig.  171),  a  virtual  erect  image  h'  V  of  the 
f  undus-illummation  h  I  is  formed  behind  the  eye.  If  the  mirror 
IS  rotated  downwards,  the  inverted  aerial  image  lk  of  the  lamp 
moves  downwards  in  the  direction  of  the  arrow ;  consequently  the 
virtual  erect  image  k' t'  moves  upwards,  the  shadow 
of  the  iris  appearing  below  and  moving  in  an  up- 
ward direction,  i.e.  in  an  opposite  direction  to  the 
rotation  of  the  mirror  (figs.  170,  171). 

In  Myopia  (fig.  173),  on  the  other  hand,  a  real 
inverted  image  of  the  fundus-illumination  is  formed 
in  front  of  the  eye  at  its  far-point. 

If  the  mirror  is  rotated  downwards,  the  inverted  aerial  image 
of  the  lamp  moves  downwards ;  and,  since  the  fundus-illumina- 


Fig.  170. 


Fig.  171. — Shadow-test  in  Hypermetropia. 

tion^moves  upwards,  its  inverted  image,  situated  at  the  i^.r.  of  the 
myopic  eye,  will  move  downwards ;  consequently  the  shadow  of 
the  iris  will  appear  to  move  in  the  same  direction  as 
the  rotation  of  the  mirror  (see  figs.  172,  173). 

In  fig.  173,  L  K  is  the  inverted  aerial  image  of 
the  lamp,  and  M  a  myopic  eye.  L  K  forms  an  erect 
difiusion-image  h  I  on  the  fundus.  Eays  coming 
from  any  point  of  this  diffusion-image  will  come  to 
a  focus  at  the  p.r.  of  the  eye  and  form  an  inverted  image  V  k'. 
If  L  K  moves  downwards,  k  I  will  move  upwards,  therefore 
its  image  I'  k'  will  move  downwards ;  since  V  k'  is  the  image 
beheld  by  the  observer,  the  shadow  will  also  be  seen  moving 


Fig.  172. 


METINOSCOPY. 


461 


from  above  downwards ;  should,  however,  the  mirror  be  situ- 
ated at  tlie  far-point,  i.e.  at  the  focus  of  the  emergent  rays  from 
the  fundus-illumination,  no  definite  shadow  will  be  seen.  If, 
therefore,  the  observer  be  seated  at  the  distance  of  one  metre 
from  the  patient,  and  see  no  shadow  upon  rotation  of  the  mirror, 
he  may  take  it  for  granted  that  the  patient  has  one  dioptre  of  my- 
opia, since  the  observer  will  be  situated  at  his  jmndumremot am. 

Again,  should  the  far-point  be  situated  beyond  the  mirror, 
behind  the  head  of  the  observer,  the  emergent  rays  would  be  so 
slightly  convergent  that  for  practical  purposes  they  may  be  con- 


FiG.  173.— Shadow-test  in  Myopia. 


sidered  parallel ;  consequently  the  shadow  will  move  in  an  opposite 
direction  to  the  rotation  of  the  mirror,  as  about  to  be  explained 
in  emmetropia. 

In  Emmetropia  a  shadow  is  seen  which  moves  in  an  opposite 
direction  to  the  rotation  of  the  mirror,  similar  to  a  hyperme- 
tropic shadow.  This  is  due,  as  in  slight  myopia,  to  the  fact  that 
the  rays  emerging  are  parallel,  or  practically  so,  and  therefore 
do  not  come  to  a  focus  anywhere,  unless  it  be  on  the  fundus  of 
the  observer ;  and  so  he  sees,  not  a  virtual  erect  image  behind 
the  eye  as  in  hypermetropia,  nor  a  real  inverted  image  in  front 
of  the  eye  as  in  myopia,  but  the  fundus-illumination  itself. 
This  illumination  moves  in  an  opposite  direction  to  the  rotation 
ol  the  mirror;  consequently  the  shadow  is  seen  to  do  the  same. 

In  Astigmatism,  in  which  the  amount  of  refraction  varies  in 
different  meridians,  it  is  evident  that  the  shadow  will  not  present 
similar  features  in  those  of  gi^eatest  and  least  refraction. 

The  differences  will  be — 

(a)  In  rate  and  extent  of  movement. 

(b)  In  definition. 

(c)  In  direction. 
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It  has  already  been  stated  that  the  fundus-illumination  is 
oval  in  astigmatism,  the  long  axis  being  parallel  to  the  meridian 
of  greatest  error;  the  reflex  seen,  however,  appears  circular  or 
similar  in  shape  to  the  pupil. 

This  oval  nature  of  the  fundus-illumination  explains  the 
reason  why  differences  in  the  shadow  exist  in  the  two  chief 
meridians : 

The  larger  and  more  rapid  and  defined  the  shadow,  the 
less  the  error. 

The  smaller  and  less  rapid  and  defined  the  shadow,  the 
greater  the  error. 
The  direction  of  the  shadow  points  out  the  nature  of  the 
error  in  the  meridian  examined. 


Fig.  17-1. — The  Oblique  Shadow  in  Astigmatism. 

If  the  two  chief  meridians  are  obliquely  inclined,  though  the 
mirror  be  rotated  on  its  vertical  or  horizontal  axis,  the  shadows 
move  obliquely. 

This  phenomenon  can  be  readily  appreciated  by  referring  to 
fig.  174.  The  circle  p  is  the  pupillary  reflex,  and  A  represents 
the  fundus-illumination,  in  an  astigmatic  eye,  in  its  first  posi- 
tion when  the  whole  pupil  is  illuminated.  If  the  mirror  is 
rotated  from  left  to  right  on  its  vertical  axis,  so  that  A  moves  to 
E,  the  shadow  s  will  appear  to  move  upwards,  and  to  the  left, 
in  the  direction  of  E. 

By  retinoscopy,  therefore,  we  arrive  at  the  following  con- 
clusions : 

1.  If  the  shadoio  moves  ar/aind  the  rotation  of  the  mirror,  the 
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refraction  is  either  (a)  h^jpennetroina^  (h)  emmetropia,  or  (p) 
myopia  less  than  1  D. 

2.  If  the  shadoiv  moves  with  the  rotation  of  the  mirror,  the 
error  is  myopia. 

3.  If  no  definite  shadow  is  seen,  the  errov  is  about  1  D  of 
myopia. 

Again,  if  the  red  reflex  is  dull,  the  shadow  sliglit,  ill-defined, 
and  moves  slowly — the  error  is  great. 

If  the  red  reflex  is  bright,  the  shadow  marked,  well-defined, 
and  moves  quickly — the  error  is  slight  or  nil. 

The  kind  and  the  approximate  amount  may,  thus,  be  evident 
upon  merely  using  the  mirror. 

A  plane  mirror  is  equally  valuable  in  retinoscopy,  and 
exactly  the  same  conclusions  can  be  arrived  at  by  using  it  in  a 
similar  manner ;  the  only  important  difference  to  be  remembered 
is  the  reversion  of  the  shadow. 

The  exact  estimate  of  the  degree  of  error  is  made  by  placing 
lenses  of  different  strengths,  convex  (  +  )  or  concave  (  — ),  in 
front  of  the  eye  till  the  shadow  is  neutralised,  then  adding 
—  1  D  to  the  error  discovered. 

The  practical  bearing  of  what  has  been  said  will  be  made 
plain  by  a  few  examples. 

Ilxample  1. — The  reflex  is  dull,  the  shadow  moves  in  the 
opposite  direction  to  the  mirror,  but  only  a  short  distance  across 
the  pupil ;  the  case  is  one  of  high  hypermetropia. 

If  convex  lenses  of  increasing  strength  be  now  placed  be- 
fore the  eye,  the  reflex  becomes  brighter,  the  movement  of  the 
shadow  greater,  but  its  edge  less  defined;  finally,  the  shadow 
becomes  indistinct,  and  then,  if  still  stronger  lenses  are  used  it 
reappears,  moving,  however,  now  in  the  same  direction  as  the 
mirror,  and  the  eye  has  been  rendered  myopic. 

We  have  seen  that  the  myopic  appearance  is  produced  by  the 
inversion  of  the  fundus-image  ;  and  as  this  occurs  at  the  far- 
point  of  the  eye,  it  can  only  be  seen  when  the  latter  is  between 
the  patient  and  observer,  and  not  too  near  the  latter;  for  this 
reason  a  myopia  of  1  D  or  less  cannot  be  recognised  at  the 
distance  at  which  the  mirror  is  usually  held,  but  if  the  distance 
be  increased  a  smaller  amount  can  be  recoo-nised. 

Let  it  be  assumed  that  the  hypermetropia  is  eight  dioptres  in 
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amount :  then,  with  +  6  D,  +  7  D,  and  -}-  8  D  the  shadow  is 
still  moving  opposite  to  the  rotation. of  the  mirror,  but  it  is  more 
distinct  and  moves  more  quickly  ;  with  +  10  D  the  shadow 
moves  with  the  rotation  of  the  mirror ;  this  lens,  therefore,  is 
more  than  1  D  over  the  proper  correction ;  with  +  9  D  no 
shadow  is  visible,  and,  since  the  correction  of  any  error  is  found 
by  neutralising  the  shadow  and  adding  —  ID,  then  +  9  D  o 

—  1  D  =  +  8  D,  the  error  of  refraction. 

Example  2, — The  reflex  is  bright,  the  shadow  moves  over  a 
large  portion  of  the  pupillary  area,  and  in  the  opposite  direction 
to  the  rotation  of  the  mirror — hypermetropia  of  loiv  degree. 
It  is  to  be  corrected  as  in  the  preceding  example. 

Example  o. — The  reflex  very  dull,  the  shadow  moving  very 
slightly,  and  in  the  same  direction  as  the  mirror — high  myopia. 
Concave  lenses  should  now  be  placed  in  front  of  the  eye,  their 
strength  being  increased  imtil  the  shadow  is  neutralised.  A 
lens  a  little  stronger  than  this  will  give  the  correction.  Thus, 
assuming  the  myopia  to  be  neutralised  by  —  12  D  ;  then, 

—  12Do  —  1D  =  —  13D,  the  error  of  refraction. 
Example  4. — The  reflex  is  brighter,  the  shadow  moves  in 

the  same  direction  as  the  mirror  and  over  a  large  portion  of  the 
pupil—foiy  myopia.    Correct  as  in  preceding  example. 

The  great  advantage  of  this  test,  however,  consists  in  the 
ease  with  which  it  can  be  applied  to  the  estimation  of  astig- 
matism.  The  refraction  of  any  one  meridian  can  be  ascer- 
tained by  noting  the  movement  of  the  shadow  in  that  meridian. 
This  will  be  made  plain  by  a  few  examples. 

Example  1. — The  mirror  being  rotated  on  its  vertical  axis 
(so  that  the  light  moves  transversely  on  the  retina),  a  hyperme- 
tropic shadow  is  seen,  neutralised  by  +  1  D,  while  on  rotating 
it  on  its  horizontal  axis  (so  that  the  light  moves  vertically  on 
the  retina)  a  shadow  is  seen  to  move  in  the  same  direction  as 
the  mirror.  The  case  is  one  of  simple  myopic  astigmatism, 
the  horizontal  being  the  emmetropic  (an  emmetropic  eye  has  a 
hypermetropic  shadow  equivalent  to  1  D),  and  the  vertical  the 
myopic  meridian.  In  order  to  correct  the  error,  we  use  a  con- 
cave cylindrical  lens  with  its  axis  horizontal. 

Example  2.— We  will  now  suppose  that  in  testing  the  hon- 
:zontal  meridian  (by  causing  the  light  to  travel  transversely) 
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the  shadow  moves  in  the  ojyposite  direction  to  that  of  the  mirror, 
and  in  the  vertical  meridian  there  is  a  similar  shadow,  which, 
however,  is  neutralised  by  +  1  D,  whereas  the  former  requires 
a  much  stronger  convex  lens  to  neutralise  it.  The  case  is  one 
of  simple  hypermetropic  astigmatism,  and  will  be  corrected  by 
a  convex  cylinder  with  its  axis  vertical. 

IJxample  3.— If  in  both  meridians,  after  placing  +  1  D 
sph.  in  front  of  the  eye,  the  movement  of  the  shadow  indicates 
the  same  hind  of  error,  a  difference  in  its  degree  may  be  suspected 
if  a  difference  in  the  rate  of  movement  is  noticed.  Spherical 
lenses  must  now  be  placed  in  front  of  the  eye  until  one  is  found 
which  renders  one  meridian  emmetropic.  If  the  meridian  at 
right  angles  to  this  still  remains  ametropic  the  case  is  one 
of  compound  astigmatism  which  has  been  converted  by  the 
spherical  lens  into  one  of  simple  astigmatism.  Assume  that 
+  2  D  sph.  neutralises  the  shadow  in  the  vertical  meridian 
and  +  3  D  sph.  in  the  horizontal  meridian  indicated  thus, 

— lL^  ^     ;  i.e.  +  2  D  sph.  o  +  1  D  cyl.,  axis  vertical, 
I    +  3  D 

neutralises  the  shadows  in  the  chief  meridians  ; 

.•.  +  ID  sph.  o  +  1  D  cyl.,  axis  vertical,  is  the  real 
error  and  the  required  correction. 

Example  4. — If,  with  +  1  D  sph.  in  front  of  the  eye,  the 
shadow  moves  in  the  same  direction  as  the  mirror  in  one  meri- 
dian, and  in  the  opposite  direction  in  the  other,  the  case  is  one 
of  mixed  astigmatism.  Spherical  lenses  should  now  be  placed 
in  front  of  the  eye,  so  as  to  correct  one  meridian,  thus  convert- 
ing the  case  into  one  of  simple  astigmatism. 

For  instance — a  hypermetropic  shadow  is  seen  moving  in 
the  horizontal  meridian,  and  a  myopic  in  the  vertical ;  convex 
lenses  are  used,  and  it  is  found  that  +  2  D  neutralises  the 
shadow  in  the  horizontal  meridian.  The  vertical  -will,  however, 
have  been  rendered  more  myopic,  for  it  was  myopic  to  begin 
with,  and  +  2  D  has  been  added.  Now  neutralise  the  shadow 
in  the  vertical  meridian  by  concave  glasses.  If  —  3  D  neutra- 

 3  J) 

sph.  O  —  5  D  cyl.,  axis  horizontal,  neutralises  the  shadows  in  all 
meridians  ; 

H  H 
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.-.  +  1  D  sph.  o  —  5  D  cyl.,  axis  horizontal,  is  the  proper 
correction  and  the  glass  required. 

If  the  principal  meridians  are  not  exactly  horizontal  and 
vertical,  but  slightly  obUque,  and  the  mirror  is  rotated  on  its 
horizontal  or  vertical  axis,  the  edge  of  the  shadow  will  coincide, 
not  with  the  axis  of  rotation  of  the  mirror,  but  with  the  nearest 
principal  meridian,  and  will  therefore  indicate  the  direction  of 
the  latter ;  sometimes,  however,  it  is  easier  to  judge  of  the 
direction  of  the  movement  than  of  the  exact  amount  of  obliquity 
of  the  shadow  edge. 

We  have  seen  that  the  real  movement  of  the  light  (and 
therefore  of  the  '  shadow  ')  on  the  fundus  is  along  a  line  at  right 
angles  to  the  axis  on  which  the  mirror  is  rotated.  Whatever 
may  be  the  real  movement,  however,  it  always  appears  to  take 
place  in  a  direction  at  right  angles  to  the  edge  of  the  shadow. 
This  can  be  illustrated  by  the  simple  experiment  of  passing  a 
card  with  its  edge  held  obliquely  in  a  horizontal  direction  across 
an  aperture  (as  suggested  by  Dr.  Charnley  ;  it  will  then  be 
seen  that,  although  the  real  movement  of  the  card  is  horizontal, 
its  apparent  direction  is  along  a  line  at  right  angles  to  its  edge 
(see  fig.  174). 

vi.  Other  ohjective  tests. — Among  the  objective  methods  of 
estimating  astigmatism  must  be  mentioned  the  measurement  of 
the  curvature  of  the  refracting  surfaces  of  the  eye  by  special 
instruments. 

The  ophthalmometer  of  Javal  and  Schidtz  is  an  instrument 
for  testing  the  curvature  of  the  cornea,  and  with  it  the  amount 
of  regular  astigmatism  can  be  readily  measured. 

The  cornea  of  the  observed  eye  acts  as  a  convex  mirror,  and 
forms  an  image  of  an  object  of  known  size  situated  at  a  known 
distance.  The  size  of  the  image  being  measured,  we  have  all 
the  data  necessary  for  calculating  the  radius  of  curvature  of  the 
cornea,  according  to  the  formula  on  p.  383. 

The  instrument  consists  of  a  pair  of  porcelain  plates  (fig. 
175,  h  T),  which  are  movable  along  an  arc  of  a  circle  m,  which  is 
graduated  so  that  the  distance  between  the  plates  can  be  read 
at  a  glance.   These  plates,  taken  together,  constitute  the  object 
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which  is  reflected  fx'om  the  cornea  of  the  observed  eye  at  0 ;  and 
the  distance  between  their  outer  edges  is  the  size  of  this 
object.' 

The  image  is  observed  thi^ough  an  eyepiece  A  B  containing 
a  double  prism  of  calc-spar,  which,  being  doubly  refracting, 
forms  two  images  of  each  of  the  porcelain  plates.  The  two 
middle  images  are  alone 
considered,  and  the  con- 
struction of  the  prisms 
is  such  that  when  these 
two  images  just  touch  | 
by  their  inner  edges  A 
the  size  of  the  image  is 
6  mm. 

The  semicircle,  which 
carries  the  porcelain 
plates  can  be  rotated 
about  an  antero-poste- 
rior  axis,  so  that  any 
meridian  of  the  cornea  fig.  175.— Javal's  Ophthalmometer, 

can  be  observed. 

It  will  be  noticed  that  one  of  the  plates  h  is  rectangular, 
while  the  other  I  is  cut  out  in  six  steps.  This  is  for  measuring 
the  amount  of  astigmatism,  which  is  accomplished  in  this 
manner :  while  looking  through  the  eyepiece,  turn  the  semi- 
circle into  that  meri- 
dian in  which  there  is 
greatest  separation  of 
the  two  central  images. 
This  is  the  meridian  of 
least  curvature,  since  it 
forms  the  largest  image. 
Now   approximate  the  Pig.  176.  Fig.  177. 

plates  until  the  edges  of 

the  central  images  touch  each  other  (fig.  176).  Next,  turn  the 
semicircle  through  90°.  If  there  is  any  astigmatism,  the  edges 
of  the  central  images  will  overlap,  and  the  number  of  '  steps  ' 
which  overlap  is  the  amount  of  astigmatism  in  dioptres.  Thus 
fig.  177  shows  an  astigmatism  of  two  dioptres.  Irregularity 
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in  the  shape  and  sizes-  of  the  images  points  to  the  existence 
of  irregular  astigmatism, 

PLacido's  disc  or  lieratoscope  is  another  instrument  by  which 
the  curvature  of  the  cornea  can  be  examined.  It  consists  of  a 
metal  disc  about  nine  or  ten  inches  in  diameter,  supported  upon 
a  handle.  Upon  the  disc  are  painted  a  number  of  alternating 
black  and  white  rings,  concentric  with  a  central  aperture.  The 
examiner  holds  the  instrument  with  the  aperture  close  to  his 
eye,  and  sees  the  reflection  of  the  rings  in  the  cornea  of  his 
patient.  If  regular  astigmatism  exists,  the  rings  in  the  cornea 
will  appear  oval,  the  long  axis  indicating  the  meridian  of  lowest 
refraction.  Irregular  astigmatism  is  easily  recognised  by  the 
distortion  of  the  rings.  The  earliest  stages  of  conical  cornea  are 
readily  discovered  by  the  characteristic  corneal  reflection. 

This  test  is  solely  qualitative,  and  therefore  inferior  to  the 
preceding.  The  qualitative  nature  of  the  former  instrument  is 
also  preferable,  because  the  reflection  is  magnified  by  a  lens  in 
the  eyepiece,  and  smaller  errors  can  therefore  be  appreciated. 

Since  astigmatism  is  more  usually  due  to  the  state  of  the 
corneal  curvature  than  to  any  lenticular  defect,  these  kerato- 
scopes  can  be  used  with  considerable  success  in  ophthalmic  prac- 
tice. It  must,  however,  be  borne  in  mind  that  the  lens,  through 
the  unequal  action  of  the  ciliary  muscle,  may  neutralise  the 
corneal  astigmatism  ;  and  unless  this  be  annulled  it  is  obvious 
that  the  cori-ection  may  not  produce  the  expected  improvement 
in  vision.  The  lens,  too,  may  in  itself  be  astigmatic,  and  may 
exaggerate  corneal  astigmatism  if  it  be  present. 


Section  VII. — General  Considerations. 

The-  use  of  mydriatics  sometimes  entails  so  much  inconveni- 
ence on  the  patient  that  it  is  of  importance  to  know  in  what 
cases  they  may  be  dispensed  with. 

In  myopia  the  employment  of  a  mydriatic  is  not  as  a  rule 
necessary  except  in  the  case  of  young  children,  or  when  astig- 
matism is  present. 

In  patients  under  twenty,  with  hypermetropia  or  astigmatism, 
the  accommodation  should  as  a  rule  be  paralysed. 

In  those  who  are  slightly  older — say,  from  twenty  to  thirty — 
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a  mydriatic  can  often  be  dispensed  with,  provided  that,  in  the 
event  of  the  glasses  not  relieving  the  symptoms,  an  opportunity 
of  re-testing  can  be  procured. 

After  the  age  of  thirty  mydriatics  are  seldom  necessary. 

No  hard-and-fast  line  can,  however,  be  laid  down,  and  much 
will  depend  on  individual  circumstances.  Thus,  if  a  patient  is 
using  the  eyes  for  near  vision  for  many  hours  daily,  as  is  the 
case  with  clerks  and  needlewomen,  a  very  accurate  correction  is 
necessary ;  if,  on  the  other  hand,  the  eyes  are  only  used  for  near 
vision  for  a  short  time,  an  approximate  estimation,  made  with- 
out the  use  of  atropine,  is  sufficient.  The  fact  that  a  patient 
has  previously  worn  glasses  without  relief  to  the  symptoms  will 
also  indicate  the  necessity  of  a  very  careful  examination. 

When  the  exact  refraction  of  the  eyes  has  been  ascertained, 
the  question  arises  as  to  whether  full  correction  should  be 
ordered,  and  whether  the  glasses  should  be  worn  always  or  only 
occasionally.  In  young  myopes  it  is  said  that  the  constant 
wearing  of  glasses  which  fully  correct  the  ametropia  has  a  ten- 
dency to  increase  the  myopia,  and  that  it  is  better  to  give  such 
patients  a  glass  which  will  enable  them  to  see  at  their  working 
distance  without  using  any  accommodation.  That  full  correc- 
tion does  tend  to  increase  the  myopia  is  a  proposition  which  it 
is  difficult  to  prove ;  but  the  belief  is  almost  universal  among 
German  ophthalmic  surgeons  that  such  is  the  case,  and  their 
opportunities  of  forming  an  opinion  are  much  greater  than  occur 
in  this  country,  owing  to  the  greater  prevalence  of  myopia  in 
Germany  ;  hence  it  is  a  safe  rule  in  ordering  glasses  for  myopes 
under  fifteen  years  of  age  to  give  two  dioptres  less  than  full 
correction,  thus  adapting  the  eye  for  a  distance  of  twenty  inches, 
and  to  direct  that  these  should  be  worn  constantly,  while  the 
additional  two  dioptres  required  for  distance  may  be  added  in 
the  form  of  eyeglasses  which  can  be  placed  in  front  of  the 
spectacles  when  accurate  distant  vision  is  required. 

If,  however,  the  patient  has  been  under  observation  some 
months,  and  there  has  been  no  increase  in  the  myopia  and  no 
evidence  of  any  thinning  of  the  choroid,  full  correction  may  be 
given . 

For  low  degrees  of  myopia,  less  than  3  D,  in  patients  from 
fifteen  to  thirty-five,  full  correction  may  be  ordered  for  all 


470 


THE  REFRACTION  OF  THE  EYE. 


purposes  ;  the  difficulty  in  using  the  glasses  for  near  vision  which 
is  felt  at  first  is  soon  overcome  by  practice.  After  thirty-five, 
the  glass  which  corrects  the  myopia  will  not  suit  for  near 
vision,  but  since  a  myope  of  3  D  can  read  at  33  cm.  (13  in.) 
he  does  not  require  glasses  for  near  objects.  If,  however,  such  a 
patient  has  for  several  years  constantly  worn  glasses  which  correct 
his  myopia,  he  will  generally  be  able  to  continue  using  them  for 
all  purposes  up  to  the  age  of  forty-five.  After  this  he  will  re- 
quire for  near  vision  the  addition  to  his  glasses  of  the  presby- 
opic correction  corresponding  to  his  age  (see  table  on  p.  407 
and  p.  472). 

In  the  higher  degrees  of  myopia,  even  young  myopes  find  it 
irksome  or  impossible,  when  their  myopia  is  corrected,  to  use  the 
amount  of  accommodation  necessary  for  near  vision  ;  not  that  this 
is  greater  than  in  emmetropia,  but  in  myopia  the  structural  pecu- 
liarities of  the  ciliary  muscle,  and  the  fact  that  it  is  seldom,  or 
never,  called  into  action,  render  the  eifort  difficult  or  painful.  In 
such  cases  full  correction  may  be  given  for  distance,'  and  for 
near  vision  a  glass  weaker  in  proportion  to  the  distance  for  which 
it  is  desired  to  adapt  the  eyes. 

For  example — A  myope  of  10  D  requires  to  see  at  50  cm. 
(20  in.)  ;  to  enable  him  to  do  this  a  convex  lens  having  this 
focal  length,  i.e.  +  2  D,  must  be  added  to  the  glass  which 
corrects  the  myopia;  in  this  instance  —10  D  adapts  the  eye 
for  parallel  rays,  while  +  2  D  renders  the  rays  which  come  from 
a  point  50  cm.  away  parallel.  Hence  —  8  D  will  efiect  the 
required  object. 

In  ordering  glasses  for  hypermetropia  we  have  to  consider 
whether  the  patient,  having  been  accustomed  to  use  the  accom- 
modation constantly,  will  be  able  to  completely  relax  it,  as 
would  be  necessary  for  distant  vision  if  full  correction  were 
given.  A  few  surgeons  do  order  full  correction  ;  but  in  the  case 
of  young  subjects  it  takes  a  very  long  time,  more  patience  and 
perseverance  than  some  possess,  for  them  to  get  thoroughly 
accustomed  to  the  glasses ;  hence  it  is  generally  better  to  deduct 
something.  As  to  the  amount  to  be  subtracted,  there  is  a 
good  deal  of  diflTerence  in  opinion  and  practice  ;  some  correct 

'  Assuming  that  it  is  considered  safe  to  give  full  correction  (see  above, 
p.  469). 


GENERAL  CONSIDERATIONS. 


471 


all  the  manifest  hypermetropia.  Others  subtract  a  constant 
fraction— usually  half  of  the  latent.  Others,  again,  take  off  a 
constant  amount,  as  0-50  or  I'O  D,  from  the  total  hypermetropia. 
A  rule  which  practically  works  well  is  to  deduct  half  a  dioptre 
from  the  total  hypermetropia  when  the  glasses  are  to  be  worn 
constantly,  and  to  give  full  correction  when  tliey  are  only  to  be 
worn  for  near  vision.  After  the  age  of  thirty  full  correction 
may  always  be  given. 

As  to  whether  glasses  should  be  worn  constantly  or  only 
occasionally  will  depend  on  the  circumstances  of  each  case. 
Theoretically,  no  doubt,  it  is  best  that  the  ametropia  should  be 
kept  constantly  corrected,  but  there  are  often  objections  on 
the  part  of  patients  and  friends  to  the  constant  wearing  of 
glasses.  Myopes,  when  supplied  with  glasses,  should  be  advised 
to  wear  them  constantly;  the  same  glasses  for  distance  and 
reading,  if  possible.  If  they  neglect  to  use  them  for  near  work 
the  chief  value  of  the  correction  is  lost,  viz.  the  prevention  of 
prolonged  and  excessive  convergence.  If  the  proper  correction 
cannot  be  borne  for  reading,  &c.,  a  slightly  weaker  glass  should 
be  prescribed  rather  than  that  they  should  refuse  to  wear  them. 
In  prescribing  glasses  for  myopes  of  high  degree,  it  is  a  good 
plan  to  order  the  strongest  concave  lens  with  which  they  can  read 
Snellen  0-5  with  comfort  and  at  a  suitable  distance.  Myopes,  as 
a  rule,  use  their  glasses  for  distant  vision  and  neglect  them  for 
reading  ;  in  the  former  case  they  are  a  luxury,  in  the  latter  a 
necessity.  In  children  with  hypermetropia,  the  constant  use  of 
glasses  should  be  insisted  on ;  but  in  adults  with  hypermetropia 
of  less  than  3  D,  it  is  sufficient  if  the  glasses  are  worn  for  near 
vision.  In  the  higher  degrees  of  hypermetropia,  and  in  astig- 
matism of  1  D  or  more,  they  should  be  worn  constantly. 

Patients  are  often  very  anxious  to  have  eyeglasses  prescribed 
instead  of  spectacles.  When  they  are  only  to  be  used  occa- 
sionally there  is  no  objection  to  this,  provided  that  there  is  no 
astigmatism  ;  but  for  the  latter  spectacles  are  necessary,  as  it  is 
otherwise  difficult  to  ensure  the  axis  of  the  cylinder  being 
always  in  the  correct  position.  Until  the  age  of  forty-five  the 
glass  which  corrects  the  eye  for  distance  should  theoretically 
suffice  for  near  vision,  and  this  is  actually  the  case  except  in 
myopia  of  high  degree,  or  myopia  which  is  not  corrected  until 
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after  the  age  of  thirty.  After  forty-five,  however,  the  natural 
decay  of  the  function  of  accommodation  (presbyopia)  removes 
the  near-point  to  an  inconvenient  distance,  and  the  accom- 
modation has  therefore  to  be  supplemented  by  artificial  means. 
The  method  of  ascertaining  the  presbyopic  coi-rection  for  the 
emmetropic  eye  proper  to  each  age  is  given  on  p.  409.  In 
ametropia,  as  a  rule,  the  glass  required  for  near  vision  is  the 
presbyopic  correction,  corresponding  to  the  age  of  the  patient, 
added  to  the  glass  which  corrects  his  ametropia. 

Examples. — 1.  A  patient  aged  fifty  is  hypermetropic  to 
the  extent  of  1-5  D.    The  presbyopic  correction  for  the  age  of 
fifty  is  2  D;  he  will  therefore  require  for  reading  +1-5  +  2  = 
3-5  D. 

2.  A  patient  aged  fifty-five  is  myopic  to  the  extent  of  1  D, 
The  presbyopic  correction  is  3  D  ;  therefore  he  will  require  for 
near  vision  —  1  -0  +  3  =  2  D. 

So  that  in  testing  a  patient  for  presbyopia  it  should  first  be 
ascertained  whether  there  is  any  ametropia,  and  its  amount,  and 
the  presbyopic  correction  then  added  to  this. 

There  are  a  few  practical  points  with  reference  to  spectacles 
which  should  be  attended  to.  It  is  essential  that  they  should 
not  only  be  of  the  proper  strength,  but  that  they  should  be 
so  fitted  that  each  eye  looks  through  the  centre  of  the  glass. 
So  that  in  prescribing  spectacles,  when  the  patient  cannot  visit 
the  optician,  it  is  necessary  to  give  the  distance  from  the  centre 
of  one  pupil  to  that  of  the  other,  and  to  state  whether  they  are 
to  be  worn  for  distance  or  for  reading,  &c.  Patients  often  ask 
whether  they  should  get  '  pebbles '  or  glass.  There  is  not 
much  practical  advantage  in  the  former,  and  they  are  much 
more  expensive ;  they  are  lighter  and  cooler,  and  may  therefore 
be  ordered  when  the  glasses  would  be  of  inconvenient  weight. 
In  all  but  the  most  expensive  pebbles,  however,  the  crystal  is 
cut  in  the  wrong  direction  ;  and  although  there  may  be  no  flaw 
visible  to  the  naked  eye,  such  lenses  are  inferior  to  glass. 
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CHAPTER  XV. 

DISEASES  OF  THE  OCULAR  MUSCLES. 

ANATOMY  AND  PHYSIOLOGY — DIPLOPIA — APPARENT  STRABISMUS — PARA- 
LYTIC STRABISMUS— CONCOMITANT  STRABISMUS— MUSCULAR  INSUFFI- 
CIENCY— NYSTAGMUS— THE  INTRA-OCULAR  MUSCLES- PUPIL. 

Anatomy  and  Physiology. — Each  eye  is  acted  upon  by  three 
pairs  of  muscles ;  the  uauscles  of  each  pair  rotate  the  globe  in 
opposite  directions  round  the  same  axis  ;  the  three  axes  cut 
each  other  in  a  single  point,  which  remains  immovable  in  all 
movements,  and  is  therefore  called  the  centre  of  rotation. 

The  centre  of  rotation  is  situated  13 '5  mm.  behind  the 
cornea,  and  therefore  rather  behind  the  geometric  centre  of  the 
globe. 

The  visual  axis  or  line  is  the  straight  line  drawn  from  the 
yellow  spot  through  the  optical  centre  of  the  eye  ;  in  order  that 
an  image  may  be  formed  on  the  yellow  spot  the  object  must  lie 
on  the  visual  axis. 

The  primary  position  is  that  in  which  there  is  a  minimum 
innervation  of  the  ocular  muscles ; '  the  head  is  held  erect,  the 
two  visual  lines  are  on  the  same  horizontal  plane,  and  are 
directed  straight  in  front  parallel  to  each  other. 

The  six  muscles  referred  to  above  are  the  four  recti  and  the 
superior  and  inferior  oblique. 

All  the  recti  arise  from  the  apex  of  the  orbit ;  as  they  pass 
forward  they  diverge  from  one  aaother,  forming  a  hollow  cone 
which  includes  the  globe,  and  are  inserted  into  the  sclerotic  at 
distances  ranging  from  6-5  to  8  mm.  from  the  corneal  margin. 
The  insertion  of  the  internal  rectus  is  most  anterior,  and  that  of 
the  superior  rectus  most  posterior. 
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The  obliquus  superior  passes  from  the  apex  of  the  orbit  to 
the  upper  and  inner  part  of  the  orbital  margin,  and  there  pass- 
ing through  a  pulley  takes  a  direction  backwards  and  outwards 
to  be  inserted  into  the  upper  and  outer  part  of  the  globe  behind 
the  equator. 

The  obliquus  inferior  arises  from  the  inner  and  anterior  part 
of  the  floor  of  the  orbit ;  it  passes  backwards  and  outwards  be- 
tween the  external  rectus  and  the  globe,  to  be  inserted  into 
the  sclerotic  at  its  upper  and  outer  part  behind  the  equator. 

Action  of  the  ocular  muscles. — The  action  of  any  muscle  will 
be  best  expressed  by  the  direction  in  which  it  causes  the  centre 
of  the  cornea  to  deviate  from  the  primary  position. 

The  following  table  shows  the  direction  of  the  axis  of  rota- 
tion and  the  action  of  each  individual  muscle  (see  figs  178  and 
179)  : 

Muscles.  Action.  Axis  of  rotation. 

Sup.  rectus     .  -I  ^i'^*^^'^^       ej'e  upwards  and  \  Horizontal.    Inner  extremity 
^    inwards.    Rotates  inwards  |     inclined  forwards.  Forms 
Inf.  rectus     .  ]  I^i^ects  the  eye  downwards  and  f    an  angle  of  67°  with  visual 

^    inwards.  Kotates  outwards )    line  (fig.  179). 
Ext.  rectus    .     Directs  the  eye  outwards  .    ,  ygj,^jjjg^j 
Int.  rectus     .     Directs  the  eye  inwards    .  > 

„       ...  j  Directstheeyedownwardsand 

^      ■   I    outwards.  Rotates  inwards 
Inf.  oblique       I  Directs  the  eye  upwards  and 
'    outwards.  Rotates  outwards 


Horizontal.  Outer  extremity 
inclined  forwards.  Forms 
an  angle  of  38°  with  visual 
line  (fig.  179). 


In  the  above  table  it  is  shown  that  each  of  the  ocular 
muscles  has  the  power  of  turning  the  eye  in  a  definite  cUrec- 
tion ;  and  besides,  four  of  the  muscles — superior  rectus,  inferior 
rectus,  superior  oblique,  and  inferior  oblique — have  the  power 
of  rotating  the  globe  on  its  antero-posterior  or  visual  axis. 
The  recti  internus  and  externus  are  solely  muscles  of  direc- 
tion, the  remaining  four  are  muscles  of  direction  and  rota- 
tion. 

This  rotation  will  alter  the  position  of  the  vertical  diameter 
of  the  cornea  by  turning  its  upper  end  inwards  and  its  lower 
end  outwards,  or  vice  versa ;  and  by  the  change  of  position  of 
its  upper  end  towards  or  from  the  nose,  the  muscle  is  said  to 
rotate  the  eye  inwards  or  outwards. 

Associated  action  of  the  muscles. — It  is  evident  that  if  the  supe- 
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rior  rectus  acts  in  conjunction  with  the  inferior  oblique,  the  incli- 
nation inwards  caused  by  the  former  muscle  will  be  counteracted 
by  the  outward  movement  of  the  latter ;  hence  a  direct  move- 
ment wpwards  will  result.  In  the  same  way,  if  the  inferior 
rectus  and  superior  oblique  act  together,  a  downward  movement 
is  produced.  Although  a  definite  action  is  assigned  to  each 
muscle,  it  must  of  course  be  understood  that  in  all  the  move- 
ments of  the  eyes,  as  in  those  of  the  limbs,  all  the  muscles  are 
concerned,  for  they  are  all  in  a  condition  of  slight  tonic  con- 
traction, so  that  if  any  one  muscle  contracts — for  example,  the 
external  rectus — the  other  muscles  which  assist  in  the  outward 
movement  will  contract,  viz.  the  obliqui :  at  the  same  time  a 
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Fig.  178. — Diagram  illustrating  Ocular  Movements. 

relaxation  of  the  opposing  muscles  will  take  place.  On  the 
other  hand,  if  a  muscle  be  divided  or  paralysed,  its  opponent 
will  cause  the  eye  to  deviate  ;  while  if  they  are  all  divided  the 
globe  is  rendered  perceptibly  more  prominent. 

In  fig.  178  the  arrows  point  in  the  direction  of  the  chief 
movements  of  the  globe  and  the  muscles  which,  by  acting  to- 
gether, perform  them.  Those  printed  in  capital  letters  have 
the  power  of  performing  such  movements  unaided.  The  normal 
rotatory  movements  of  the  globe  in  the  oblique  movements  are 
shown  by  the  diagrammatic  outline  of  the  cornea  with  a  line 
marking  its  vertical  meridian.  The  muscles  which  can  by 
themselves  perform  these  oblique  movements  have  individually 
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a  greater  rotatory  power  than  the  combined  muscular  act- 
this  under  normal  conditions  is  in  part  counteracted  by  the 
opposing  rotatory  action  of  one  of  the  associated  muscles. 
For  example,  in  looking  upwards  and  outwards  three  muscles 
act,  the  inferior  oblique,  the  superior  rectus,  and  the  external 
rectus :  the  inferior  oblique  rotates  outwards  and  the  superior 
rectus  rotates  inwards ;  the  rotatory  action,  however,  of  the 

inferior  oblique  is  greater 
in  this  position  of  re- 
gard than  the  superior 
rectus ;  consequently  a 
slight  rotation  outwards 
of  the  globe.  In  the 
upward  and  inward  re- 
gard the  rotatoiy  force 
of  the  superior  rectus  is 
greater  than  that  of  its 
opponent.  : 
The  object  is  not  seen 
as  if  it  were  obliquely 
placed,  as  one  would 
expect,  owing  to  the 
counter-rotation  of  the 
head. 

Innervation    of  the 

muscles. — The  nerves  siip- 
FiG.  179. — Diagram  of  the  Attachments  of     i   •       , ,  ,  ^ 

the  Muscles  of  the  Left  Eye  and  of  their  P^J^^g  muscles  ot  the 
Axes  of  Rotation,  the  former  being  repre-  eye  are  the  third,  fourth, 
sented  by  thick  lines,  the  latter  by  fine  j  •  j.u  •  m 
lines.  The  axis  of  rotation  of  the  rectus  ^^'^^  Sixth  pairs.  1  lie 
externus  and  internus,  being  perpendi-  third  nerve  (motor  oculi) 
cular  to  the  plane  of  the  paper,  cannot  i-      ,i  •  • 

be  shown.  (After  Fick.)  -  supplies  the  superior,  in- 

ferior, and  internal  rectus, 
the  inferior  oblique,  the  levator  palpebrae,  the  sphincter  pupillge, 
and  the  ciliary  muscle.  The  fourth  (patheticus)  supplies  the 
superior  oblique.  The  sixth  (abducens)  supplies  the  external 
rectus. 

Associated  movements  of  the  eyes. — All  movements  of  the  eyes 
have  for  their  object  the  direction  of  the  visual  lines  to  the 
same  point  in  space  ;  the  movements  of  the  two  eyes  are  there- 
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fore  necessarily  associated.  Thus,  in  looking  upwards  or  down- 
wards both  eyes  are  moved,  and  the  same  muscles  called  into 
play  in  each  eye.  In  looking  to  the  right  or  left  both  eyes  are 
moved,  but  the  internal  rectus  of  one  is  associated  with  the  external 
rectus  of  the  other  (conjtigcde  movements).  Both  the  internal  recti 
can,  however,  be  called  into  action  and  the  eyes  rotated  inwards, 
so  that  the  visual  lines  converge.  It  is  important  to  remember 
that  the  act  of  convergence  is  quite  independent  of  the  other  con- 
jugate movements ;  thus,  while  convergent,  the  eyes  may  be  moved 
upwai'ds,  downwards,  to  the  right  or  to  the  left,  the  amount  of 
convergence  remaining  the  same.  On  the  other  hand,  there 
may  be  excessive  or  deficient  convergence  without  any  impair- 
ment of  the  conjugate  movements  of  the  globe.  Convergence  is 
always  associated  with  contraction  of  the  pupil  and  the  act  of 
accommodation,  and  in  the  normal  eye  the  amount  of  accommo- 
dation used  bears  a  definite  relation  to  the  amount  of  conver- 
gence. Thus,  looking  at  a  distant  object,  neither  accommodation 
nor  convergence  is  used,  but  in  proportion  as  the  object  is 
brought  nearer,  so  the  greater  is  the  amount  both  of  conver- 
gence and  accommodation  necessary. 

When  both  the  visual  lines  are  directed  to  the  same  point 
the  image  of  that  point  falls  upon  the  yellow  spot  in  each  eye, 
and  the  two  retinal  images  are  combined  by  the  mind  to  form 
a  single  visual  impression ;  this  is  called  binocular  vision.  If, 
however,  while  the  visual  axis  of  one  eye  is  directed  to  an  object, 
the  other  deviates  from  this  direction,  the  condition  is  spoken  of 
as  strabismus,  or  squint. 

Strabismus  may  be  defined  as  that  condition  of  the  eyes  in 
which  one  of  the  visual  axes  deviates  from  the  point  affixation. 

It  is  evident  that  in  the  deviating  eye  the  image  of  the 
object  on  which  the  other  eye  is  fixed  will  fall,  not  on  the  yellow 
spot,  but  on  some  other  part.  Thus,  if  the  eye  deviates  inwards 
it  will  fall  to  the  inner  side  of  the  yellow  spot ;  if  outwards,  to  its 
outer  side.  The  mind  judges  of  the  position  of  an  object  {wo- 
jects  the  image)  by  the  part  of  the  retina  on  which  the  image 
falls  :  if  on  the  yellow  spot  the  object  is  known  to  be  on  ^he 
visual  line  ;  if  on  the  outer  side  of  the  yellow  spot  the  object  is 
known  to  lie  to  the  inner  side  of  the  visual  line,  and  so  on. 
Now,  in  strabismus  the  mind  takes  no  cognisance  of  the  fact 
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that  the  eye  is  deviating,  but  projects  the  image  as  if  it  were  in 
ics  true  position.  Thus,  supposing.that  one  eye  deviates  inwards, 
the  other  eye  fixes  the  object ;  its  image,  falling  on  the  yellow 
spot,  is  projected  as  lying  on  the  visual  axis,  and  is  therefore 
seen  by  this  eye  in  its  true  position  ;  but  in  the  squinting  eye 
the  image  falls  to  the  inner  side  of  the  yellow  spot,  and  is  there- 


FiG.  180. — The  Visual  Axes  in  Convergent  Strabismus.  (Landolt.) 

fore  projected  to  a  position  on  the  outer  side  of  that  which  the 
visual  axis  would  have  if  the  eye  were  not  deviated.  Hence 
two  images  are  seen,  a  true  and  a  false,  and  the  displacement  of 
the  false  image  is  in  the  opposite  direction  to  the  deviation  of 
the  eye. 

Thus,  in  fig.  180,  let  K  be  the  right  eye,  and  L  the  left, 
which  deviates  inwards.    Let  C  be  the  centre  of  rotation. 
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Y  the  yellow  spot,  and  o  the  object  looked  at.  The  yellow  spot 
in  the  eye  E  is  directed  towards  the  point  O  ;  that  of  the  eye  L 
towards  x.  The  image  of  0  in  the  left,  or  deviating  eye,  in- 
stead of  being  formed  at  Y,  the  yellow  spot,  is  formed  at  o, 
and  the  eye  L,  which  judges  of  the  position  of  exterior  objects 
as  if  it  were  in  its  proper  position,  projects  this  image  in  the 
direction  from  which  the  luminous  rays  would  come,  in  order 
that,  in  a  normal  position  of  the  eye,  the  image  should  be  formed 
at  0.  To  find  this  last  direction  we  have  to  suppose  the  eye  L 
returned  to  its  normal  direction  so  that  the  visual  line,  Y  a?,  would 
occupy  the  position  now  occupied  by  o  o.  Then,  since  the  yellow 
spot  Y  will  be  at  o,  the  retinal  image  o  will  be  displaced  inwards 
at  an  equal  angle  and  be  found  at  o' .  Prolong  o'  through  the 
centre  of  rotation  to  the  same  distance  from  the  eye  as  the  object, 
viz.  to  o'  in  the  visual  field;  the  false  image  will  appear  at  o', 
because  this  is  the  direction  from  which  the  rays  would  have 
come  if  the  eye  were  in  its  normal  position,  and  the  retinal  image 
were  at  o. 

Now,  this  projection  of  the  object  to  o'  is  on  the  same  side 
as  the  deviating  eye  L.  and  the  diplopia  is  therefore  called 
liomonymoiis. 

It  will  be  easily  seen  that,  if  the  eye  L  had  been  divergent 
instead  of  convergent,  the  image  would  have  been  projected  to 
the  opposite  side.  The  anterior  part  of  the  eye  being  thus 
turned  outwards,  the  posterior  part  is  turned  in  the  opposite 
direction,  and  the  image  of  o  falls  on  the  outer  side  of  Y.  And 
since,  in  the  natural  state,  it  is  the  object  situated  to  the 
inner  side  which  forms  its  image  on  the  outer  part  of  the  retina, 
the  image  is  projected  in  the  direction  of  the  nose— that  is,  to 
the  right  of  o.  Under  such  circumstances  the  diplopia  is  said 
to  be  crossed. 

Hence  in  any  case  of  strabismus  where  diplopia  is  present 
we  have  the  following  rule :  The  displacement  of  the  false  image 
is  always  in  the  direction  which  is  opposite  to  that  of  the  deviation 
of  the  eye.  Thus,  when  the  eye  deviates  inwards  (convergent 
strabismus),  the  diplopia  is  homonymous,  not  crossed;  when 
outwards  (divergent),  there  is  crossed  diplopia  ;  when  upwards 
the  false  image  is  below  ;  when  downwards,  it  is  above. 

Tests  for  diplopia. — A  very  simple  and  ready  method  of 


480 


DISEASES  OF  THE  OCULAR  MUSCLES. 


ascertaining  the  kind  of  diplopia  is  to  cover  the  non-deviating 
eye  with  a  deep  red  glass  by  means  of  a  spectacle  frame.  Then, 
in  a  darkened  room,  we  hold  a  lighted  candle  about  three 
metres  in  front  of  the  eyes.  The  patient  will  then  say  that 
he  sees  two  flames,  the  one  red  and  the  other  yellow.  The  red 
flame  is  the  projection  of  the  image  formed  upon  the  eye  which 
has  the  glass  in  front  of  it,  the  yellow  flame  belongs  to  the 
uncovered  eye. 

By  now  interrogating  the  patient  as  to  the  relative  positions 
of  the  two  images,  we  can  ascertain  the  exact  nature  of  the  dip- 
lopia. Thus,  if  the  red  flame  appears  on  the  same  side  as  the 
red  glass,  the  diplopia  is  homonymous  and  the  deviation  is 
inwards  ;  if  the  red  flame  is  on  the  opposite  side,  the  deviation 
is  outwards  and  the  diplopia  crossed ;  if  above,  the  deviation  is 
downwards ;  if  below,  the  deviation  is  upwards ;  if  downwards 
and  inwards,  the  deviation  is  upwards  and  outwards ;  and  so  on 
for  each  of  the  oblique  meridians.  By  this  method  we  are  able 
to  detect  all  degrees  of  deviation  ;  but  it  sometimes  happens  in 
slight  forms  of  strabismus  that  the  patient  can  succeed  in  uniting 
the  double  images  for  some  time,  and  so  sees  only  one  flame. 
Under  such  circumstances,  we  have  only  to  place  a  prism,  base 
upwards  or  downwards,  in  front  of  one  eye.  This  has  the  efiect 
of  separating  the  two  images  verticall}'-,  so  as  to  render  their 
fusion  impossible ;  and  the  patient  being  unable  to  correct  the 
vertical  diplopia  by  muscular  eflbrt,  we  can  measure  the  horizontal 
displacement  without  difficulty. 

Not  only  the  kind  but  the  degree  of  strabismus  can  be  ascer- 
tained by  this  test.  This  is  directly  ■proportional  to  the  distance 
between  the  two  images.  It  is  evident  that  the  distance  increases 
with  the  degree  of  the  strabismus. 

Again,  if  we  direct  the  patient  to  follow  the  light  with  his 
eyes,  the  head  being  kept  at  rest,  whilst  we  move  the  candle  in 
the  directions  of  the  various  meridians,  we  find  that  in  paralytic 
squint  the  diplopia  is  increased  more  in  looking  in  one  direction 
than  in  another;  the  distance  between  the  images  becomes 
greater  as  the  eyes  are  turned  in  the  direction  of  the  action  of  the 
paralysed  muscle. 

Again,  if  we  find  that  during  this  movement  of  the  eyes  in 
following  the  flame  the  distance  between  the  images  remains 
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constant,  we  know  that  the  strabismus  is  not  due  to  paralysis  of 
an  ocular  muscle. 

Finally,  by  measuring  the  actual  distance  between  the  images 
and  the  distance  of  the  candle  from  the  eye,  it  is  possible  to  cal- 
culate the  angle  of  the  strabismus. 

Before  entering  into  a  detailed  description  of  the  various  forms 
of  squints,  it  will  be  advisable  to  discuss  the  meaning  of  the 
so-called  apparent  or  false  strabismus  mentioned  above  (p.  395), 
in  order  that  it  may  be  recognised  and  not  be  a  stumbling-block 
in  arriving  at  a  correct  diagnosis.  It  is  a  term  applied  to  an 
apparent  convergence  or  divergence  of  the  eyes  which  is  occasion- 
ally observed,  but  upon  careful  examination  is  found  to  be  due 
to  the  angle  gamma  (fig.  133).  We  are  accustomed  to  judge  of 
the  direction  of  the  eyes  by  the  direction  of  the  optic  axes  which 
pass  through  the  centres  of  the  corne£e ;  if  the  angle  gamma  is 
large,  and  the  lines  of  fixation  directed  towards  a  distant  object, 
so  that  they  are  parallel,  the  optic  axes  will  then  be  directed 
outwards,  and  so  give  rise  to  an  apparent  divergence.  This 
condition  is  only  found  in  hypermetropia.  Again,  if  the 
angle  gamma  is  negative,  the  optic  axes  would  appear  to 
deviate  inwards  when  the  visual  axis  is  directed  to  the  object 
of  fixation.  Such  apparent  convergence  is  only  observed  in 
myopia. 

To  distinguish  hetiueen  apparent  and  real  deviation  the  patient 
is  directed  to  look  steadily  at  an  object  held  about  a  metre  from 
the  face.  If  there  is  no  real  strabismus,  each  visual  line  will  be 
directed  towards  the  object,  and  if  either  eye  is  covered,  the 
uncovered  eye  will  still  see  the  object  without  shifting  its 
position.  If,  on  the  contrary,  there  is  strabismus,  only  one 
visual  axis  will  be  fixed  on  the  object,  and  the  other  will  deviate. 
If  the  fixing  eye  be  now  covered,  the  deviating  eye  must  be 
moved  in  order  to  see  the  object,  and  by  the  movement  we  can 
judge  of  the  extent  and  direction  of  the  previous  deviation.  A 
still  better  test  is  to  prove  the  presence  of  binocular  vision  by 
the  use  of  Snellen's  coloured  test-tj^es  (p.  280). 

Three  chief  divisions  of  strabismus  will  now  be  described, 
viz.  Paralytic  strabismus,  Spastic  strabismus,  and  Concomitant 
strabismus. 

Paralytic  strabismus  is  that  in  which  deviation  of  the  visual 
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axis  is  caused  by  tlie  paralysis  or  paresis  of  one  or  more  of  the 
ocular  muscles. 

Symptoms  common  to  ocular  paralyses.— 1.  There  is  usually 
an  obvious  squint.  The  primary  deviation,  however— that  is,  the 
deviation  of  the  affected  eye  when  the  healthy  eye  fixes'— is 
always  less  than  the  secondary  deviation— that  is,  the  deviation 
of  the  good  eye  when  the  affected  eye  fixes.  A  gi-eater  effort 
than  usual  is  required  in  order  to  fix  with  the  paralysed  eye ; 
consequently,  a  greater  impulse  is  sent  simultaneously  to  the 
two  eyes.  This  strong  current  causes  the  healthy  eye,  which 
responds  readily,  to  deviate  considerably. 

2.  Diminished  moUlity  of  the  affected  eye  in  the  direction 
of  the  action  of  the  paralysed  muscle,  and  the  field  of  fixation, 
if  tested  by  means  of  the  perimeter,  is  found  to  present  a 
definite  limitation  according  to  the  muscle  affected. 

The  fields  of  fixation  may  be  considered  as  composed  of 
nine  divisions.    A  central  division  would  represent  the  primary 

position  of  the  eyes,  or  the  eyes 
at  rest;  the  remaining  eight, 
secondary  positions.  One  or  more 
of  these  divisions  would  be  lost 
according  to  the  nature  of  the 
paralysis. 

3.  Diplopia  is  generally  pre- 
sent. As  the  eyes  are  turned  in 
the  direction  of  action  of  the  affected  muscle  the  distance 
between  the  images  increases ;  whereas,  if  they  are  moved  in 
the  direction  of  action  of  the  opponent  of  the  affected  muscle  the 
images  approach  and  may  coalesce.  The  diplopia  may  give 
rise  to  giddiness,  and  uncertainty  in  walking. 

4.  False  projection. — If  the  sound  eye  be  covered,  and  the 
patient  told  to  touch  quickly  with  the  finger  an  object  placed  in 
front  of  him,  he  thrusts  his  finger  to  one  side  of  it  (the  side  of 
the  paralysed  muscle).  For  instance,  supposing  the  right 
external  rectus  be  paralysed,  the  patient  aims  too  far  to  the 
right,  for,  since  his  eye  is  turned  inwards  to  the  left,  the  object 
appears  displaced  to  the  right  (see  p.  477). 

5.  Inclination  of  the  head. — The  head  is  frequently  turned  in 
the  direction  of  the  action  of  the  paralysed  muscle. 
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The  cause  of  ocular  paralyses  is  usually  some  lesion  of  one 
of  the  third,  fourth,  or  sLxth  nerves.  It  may  be  central  or 
penjjTieral.  A  central  lesion  may  be  nuclear,  involving  the 
nucleus  of  origin  of  one  or  more  of  the  nerves  ;  cortical,  impli- 
cating their  psychomotor  centre,  which  has  not  yet  been 
localised;  or  it  may  destroy  the  path  of  connection  between 
these  two  centres.  Direct  lesions  above  the  nuclei  of  origin  are 
so  rarely  attended  with  any  definite  ocular  paralysis  beyond 
conjugate  deviations  to  the  right  or  left  that  they  may  be 
practically  excluded.  A  peripheral  lesion  is  one  that  occurs 
beyond  the  nucleus  of  origin,  and  may  be  intra-cranial  or  intra- 
orhital. 

Paralyses  from  intra-orbital  lesions  are  rare ;  cellulitis, 
injury,  syphilitic  deposit  in  nerve-sheath,  or  new-growth  may 
be  mentioned  among  the  most  frequent  causes,  and  are  recog- 
nised by  their  associated  local  and  general  symptoms. 

Peripheral  intra-cranial  lesions  are  common,  and  may  occur 
in  the  substance  of  the  brain  between  the  superficial  and  deep 
origins  of  the  nerves,  or  in  its  membranes.  The  intimate 
connection  of  the  nerves  with  the  meninges  in  the  vicinity  of 
the  cavernous  sinus  and  sphenoidal  fissure,  renders  them  peculi- 
arly liable  to  be  affected  in  meningitis,  morbid  growths,  and 
syphilitic  deposits  in  these  regions.  Aneurism  of  the  internal 
•carotid  artery  in  the  cavernous  sinus,  or  thrombosis  of  that 
sinus,  is  usually  attended  with  paralysis  by  direct  pressure 
upon,  or  inflammation  of,  the  nerves  within  its  walls.  Fracture 
•of  the  base  of  the  skull  sometimes  involves  these  nerves  either 
by  pressure  from  the  bone,  extravasated  blood,  or  by  inflamma- 
tory exudation.  An  interpeduncular  growth  may  cause  para- 
lysis of  both  third  nerves. 

The  fourth  or  sixth  nerve  is  frequently  paralysed  by  increased 
intra-cranial  pressure  caused  by  a  distant  lesion,  as  a  new-growth 
in  one  or  other  hemisphere,  which  as  localising  symptoms  would 
obviously  be  of  no  value. 

Nuclear  lesions  are  hEemorrhagic,  neoplastic,  inflammatory, 
or  degenerative.  Hgemorrhages  are  uncommon  in  this  situation ; 
but,  if  occurring,  may  be  so  extensive  as  to  destroy  all  the 
ocular  nuclei  on  either  side  of  the  raphe,  producing  bilateral  and 
complete  ophthalmoplegia.    Tubercular  and  syphilitic  neoplasms, 
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as  well  as  myxoglioma,  sarcoma,  and  otlier  tumours,  may,  by 
invading  the  nuclear  region,  cause  different  ocular  paralyses. 
Capillary  thrombosis  and  softening  from  syphilis,  or  primary 
degeneration  occurring  in  locomotor  ataxy,  do,  by  involving 
these  centres,  give  rise  to  paralysis  of  the  ocular  muscles. 

Amongst  other  causes  may  be  mentioned  diphtheria,  rheuma- 
tism, cold,  &c. 

The  muscles  most  frequently  affected  separately  are  the 
external  rectus  and  the  superior  oblique.  The  other  recti,  and 
the  inferior  oblique,  being  supplied  by  the  same  nerve,  are 


Fig.  181. — Paralysis  of  Right  External  Rectus. 

frequently  paralysed  together,  although  separate  affections  of 
these  are  not  uncommon. 

Paralysis  of  the  sixth  nerve. — The  external  rectus  is  the 
muscle  affected.  Here  we  find  that  the  outward  movement  of 
the  globe  is  limited.  Both  primary  and  secondary  deviations 
are  inwards.  There  is  homonymous  diplopia  :  the  double  images 
are  on  the  same  level  in  all  positions  of  regard,  and  in  the 
horizontal  plane  they  are  parallel  to  one  another;  but  upon 
looking  up  and  out,  or  down  and  out,  there  is  an  inclination  of 
the  false  image,  in  the  former  movement  away  from,  in  the 
latter  towards  the  true.  The  affected  eye  cannot  look  outwards, 
so  in  endeavouring  to  perform  the  above  movements  it  turns 
directly  upwards  or  downwards  without  any  rotation,  whereafe 
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the  sound  eye,  being  able  to  perform  these  movements,  under- 
goes the  natural  rotation  ;  the  result  is  a  loss  of  parallel  corre- 
spondence of  the  retinal  images,  and  an  inclination  of  the  false 
image  in  the  visual  field  (see  fig.  181). 

The  distance  between  the  images  increases  when  the  patient 
looks  towards  the  side  of  the  eye  affected. 

The  line  of  separation  between  the  portion  of  the  field  of 
fixation  in  which  there  is  single  vision  and  that  in  which  there 
is  diplopia  is  situated  obliquely,  its  lower  end  being  inclined  to 
the  healthy  side. 

The  patient's  face  is  often  turned  towards  the  affected  side. 
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Fig.  182.— Paralysis  of  Right  Superior  Oblique. 

Paralysis  of  the  fourth  nerve. — The  superior  oblique  is  the 

muscle  affected.  The  movement  of  the  eye  is  limited  in  the 
downward  and  outward  direction,  and  in  complete  paralysis  of 
this  muscle  the  downward  movement  is  limited  also.  The 
irrimanj  deviation  is  upwards  and  inwards,  whilst  the  secondary 
deviation  is  downwards  and  inwards.  There  is  homonymous 
diplopia  in  the  lower  part  of  the  field  of  fixation,  the  images 
being  superposed. 

Owing  to  torsion  of  the  globe  outwards,  the  image  of  the 
affected  eye  is  oblique,  its  upper  extremity  being  inclined 
inwards  ;  it  is  also  the  lower  of  the  two,  and  its  obliquity  is 
increased  on  looking  towards  the  affected  side  (see  fig.  182). 
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The  vertical  distance  between  the  two  images  is  increased  in 
looking  downwards  and  towards  the  healthy  side.  The  false 
image  generally  appears  nearer  to  the  patient  than  the  true 
image.  The  line  of  separation  between  single  and  double  vision 
is  horizontally  obliqae,  its  lower  extremity  being  on  the  affected 
side.  The  patient's  face  is  often  inclined  downwards  and 
towards  the  affected  side. 

Paralysis  of  the  third  nerve. — The  paralysis  of  this  nerve  may 
be  complete.,  or  only  one  or  more  of  its  branches  may  be  involved. 

Complete  paralysis  of  the  third  nerve  presents  a  very  charac- 
teristic appearance.  There  is  slight  proptosis,  and  the  upper 
eyelid  falls  over  the  cornea  (ptosis).  The  pupil 
is  moderately  dilated,  and  does  not  respond 
to  light.  There  is  paralysis  of  the  accommo- 
dation of  the  afi'ected  eye.  The  movements 
of  the  eye  are  limited  in  the  inward,  upward, 
downward,  and  intermediate  directions.  Both 
the  primary  and  the  secondary  deviations  are 
outwards.  There  is  crossed  diplopia.  The 
false  image  is  oblique,  and  is  inclined  towards 
the  affected  side ;  it  also  appears  nearer  to 
the  patient  and  higher  than  the  true  image 
(see  fig.  12)'^,  paralysis  of  rujlit  third  nerve).  The  lateral  distance 
between  the  images  is  increased  in  looking  towards  the  healthy 
side ;  the  vertical  distance  and  the  obliquity 
increase  on  looking  upwards  and  diminish  on 
looking  downwards  and  towards  the  sound 
side.  The  patient  often  inclines  his  face  to- 
wards the  sound  side  and  somewhat  upwards. 

Partial  paralysis  of  the  third  nerve  may 
affect  one  or  more  of  the  muscles  supplied 
by  it. 

The  internal  rectus  is  the  muscle  most 
frequently  involved.  Its  paralysis  is  accom- 
panied by  limited  movement  of  the  globe 
inwards.  Both  the  primary  and  the  secondary  deviations  are 
outwards.  The  diplopia  is  crossed,  the  double  images  being 
parallel  and  on  the  same  level  (fig.  184).  The  distance  between 
the  images  is  increased  when  the  patient  looks  towards  the 


Fig.  183.— R.  3rd  N. 


Fig.  184.— E.I.R. 
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sound  side,  and  when  he  looks  iipwards.  The  line  of  separation 
between  the  single  and  double  images  in  the  field  of  fixation  is 
inclined  obliquely,  its  higher  extremity  corresponding  to  the 
sound  side.  The  patient  turns  his  face  in  the  direction  of  the 
affected  muscle,  i.e.  towards  the  healthy  side. 

Paralysis  of  the  superior  rectus  is  characterised  by  limited 
movement  of  the  globe  in  the  direction  upwards  and  slightly 
inwards.  The  primary  deviation  is  downwai'ds,  and  when  the 
patient  looks  upwards  the  affected  eye  deviates  downwards  and 
outwards.  The  secondary  deviation  is  upwards.  The  diplopia 
is  most  marked  in  looking  upwards,  the  images  are  superposed, 
slightly  crossed;  the  false  image  is  the  higher,  and  its  upper 
end  is  inclined  towards  the  healthy  side  (fig.  185).  The  patient 
turns  his  face  upwards. 


Fig.  185.— E.S.R. 


Fig.  186.— E.  Inf.  R. 


Fig.  187.— R.I.O. 


The  inferior  rectus  is  but  rarely  paralysed  alone.  When 
such  paralysis  exists  there  is  restricted  movement  of  the  globe 
in  the  downward  direction.  The  primary  deviation  is  upwards 
and  outwards.  The  secondary  deviation  is  downwards  and  out- 
wards. The  diplopia  is  most  marked  in  looking  downwards. 
The  images  are  superposed,  they  are  slightly  crossed ;  the  false 
image  is  the  lower,  and  its  apex  is  inclined  towards  the  affected 
side  (fig.  186).  The  vertical  separation  of  the  images  is  in- 
creased by  looking  downwards  and  to  the  affected  side.  The 
patient  turns  his  face  downwards  and  slightly  towards  the 
affected  side. 

The  inferior  oblique,  when  paralysed,  is  unable  to  turn  the 
eye  upwards  and  outwards.  The  primary  deviation  is  therefore 
downwards  and  inwards;  whilst  the  secondary  deviation  is 
upwards  and  inwards.    The  diplopia  is  most  marked  in  looking 
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upwcards  when  the  images  are  superposed  and  slightly  homony- 
mous. The  false  image  is  the  higher,  and  its  upper  end  is  in- 
clined outwards  (fig.  187)  ;  this  obliquity  increases  on  looking 
towards  the  affected  side.  The  patient  directs  his  face  upwards 
and  rather  towards  the  side  of  the  healthy  eye. 

Ophthalmoplegia,  or  multiple  ocular  paralyses,  may  be  par- 
tial or  complete,  unilateral  or  symmetrical.  The  cause  may  be 
nuclear  or  peripheral.  A  progressive  nuclear  degeneration 
giving  rise  eventually  to  complete  paralysis  of  all  the  extra- 
ocular muscles,  is  called  by  Hutchinson  ophthalmoplegia  externa, 
contradistinction  to  paralysis  of  all  the  intra-ocular  muscles,  in 
ophthalmoplegia  interna.  The  latter  may  follow  an  attack  of 
diphtheria,  but  it  is  more  commonly  dependent  upon  progressive 
central  degeneration,  and  consequently  is  often  associated  with 
the  former.  Partial  ophthalmoplegia  may  be  the  result  of 
syphilitic  disease  of  the  nerve-centres  or  of  a  nuclear  hemorrhage. 
Again,  thrombosis  of  the  cavernous  sinus  or  aneurism  of  the 
internal  carotid  artery  while  in  that  sinus,  may  cause  multiple 
paralyses;  the  former  is  often  bilateral  and  attended  with 
symmetrical  symptoms  (p.  516). 

Associated  paralyses. — With  the  exception  of  conjugate  devia- 
tion of  the  eyes  to  the  right  or  left,  associated  paralyses  are  so 
rarely  met  with  that  this  form  only  will  be  here  described.  It 
is  dependent  iipon  bilateral  association  of  the  third  and  sixth 
nerve  nuclei.  The  internal  rectus  of  one  eye  works  in  harmony 
with  the  external  rectus  of  the  other  eye.  The  eyes  may,  from 
spasm  or  paralysis,  be  turned  to  the  right  or  to  the  left.  These 
deviations  may  depend  upon  an  irritative  or  a  destructive  lesion 
which  may  be  nuclear,  capsular,  or  cortical.  A  destructive  nuclear 
lesion  causes  deviation  of  the  eyes  towards  the  paralysed  side  or 
away  from  the  lesion.  Conversely,  an  irritative  nuclear  lesion 
would  cause  the  eyes  to  deviate  av)ay  from  the  convulsed  side, 
but  toioards  the  lesion.  A  capsular  or  cortical  lesion  would 
produce  exactly  the  opposite  effect  to  that  of  a  nuclear.  The 
sixth  nerve  nucleus  of  one  side  being  connected  with  that  part 
of  the  third  nerve  nucleus  of  the  opposite  side  which  supplies 
the  internal  rectus,  a  destructive  lesion  involving  the  former 
would  cause  conjugate  deviation  of  the  eyes  to  the  opposite  side  ; 
and  on  account  of  a  complete  paralysis  of  the  external  rectus 
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the  eye  on  the  same  side  as  the  lesion  will  not  be  able  to  turn 
out  as  far  as  the  middle  line,  whereas  the  opposite  eye  will  be 
able  to  turn  in  as  far  as,  but  no  farther  than,  the  middle  line, 
for  the  nucleus  of  the  internal  rectus  muscle  is  interfered  with 
only  through  association  ;  it  is  not  destroyed.  Since  the  nuclei 
of  the  sixth  nerve  (abducens)  and  the  seventh  nerve  (facial)  are 
so  closely  situated  that  a  lesion  of  one  invarially  involves  the 
other,  facial  paralysis  will  be  present  on  the  same  side  as  the 
lesion.  The  sixth  nerve  nucleus,  however,  is  not  the  centre  for 
this  associated  act ;  the  centre  is  probably  in  the  superior  olivary 
body,  destruction  of  which  causes  deviation  of  the  eyes  to  the 
opposite  side  without  facial  paralysis  and  without  complete 
paralysis  of  the  sixth  nerve,  both  eyes  being  able  to  turn  as  far 
as  the  middle  line,  but  no  farther.  Haemorrhage  into  the 
internal  capsule,  the  common  seat  of  cerebral  apoplexy,  is  nearly 
always  attended  with  conjugate  deviation  of  the  eyes  to  the 
same  side  as  the  lesion ;  the  head  is  also  turned  in  that  direc- 
tion. This  symptom  is  not  usually  permanent ;  it  disappears  in 
a  few  days. 

Tlie  diagnosis  of  ocular  paralyses  in  some  cases  is  very  diffi- 
cult owing  to  the  implication  of  two  or  more  muscles ;  on  the 
other  hand,  a  paresis  may  be  so  slight  that  it  is  hard  to  discover 
the  eye  at  fault ;  secondary  deviations  may  be  mistaken  for  the 
primary  squint  in  such  cases.  The  difficulty  of  obtaining  clear 
and  decisive  answers  (for  the  diagnosis  is  chiefly  made  by  sub- 
jective tests)  is  so  frequent  that  several  examinations  are  often 
necessary  before  one  can  arrive  at  a  satisfactory  conclusion.  The 
land,  of  diplopia  affords  the  best  subjective  test. 

Figs. '  188  and  189  illustrate  the  relation  the  false  image 
bears  to  the  true  in  the  visual  field.  They  also  demonstrate  the 
fact  that  the  false  image  is  displaced  in  the  direction  of  the 
action  of  the  paralysed  muscle ;  and  in  that  position  of  regard 
it  is  well  known  that  there  is  the  greatest  vertical  separation 
and  the  greatest  obliquity  of  the  false  image. 

The  true  images  are  represented  by  thick  lines,  the  false  by 
thin ;  the  dotted  line  indicates  the  central  line  of  the  figure. 
The  four  false  images  of  the  right  and  left  superior  and  inferior 
recti  muscles  form,  by  meeting  one  another  at  four  points,  a 
'  Werner,  Ojjlith.  Revieiv,  vol.  v.  p.  Go. 
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diamond-sliaped  space  guarded  on  either  side  by  a  true  image  ; 
the  right  true  image  being  to  the  left,  and  the  left  to  the  right[ 
of  the  diamond.  Tlae  four  false  images  of  the  four  oblique 
muscles  by  meeting  at  a  point  form  an  X,  the  two  true  images 
being  represented  as  a  single  central  image,  common  to  both. 
In  fig.  188  it  will  be  seen  that  the  false  images  of  the  right  recti 
muscles  are  to  the  left,  and  the  left  to  the  right,  of  the  true,  i.e. 
the  diplopia  is  crossed.  Tn  fig.  189  the  diplopia  is  seen  to  be 
homonymous.  Again,  the  false  images  are  seen  to  be  either 
above  or  below  the  level  of  the  true,  and  the  vertical  displace- 
ment is  greatest  in  that  position  of  regard  indicated  by  the  false 
image  ;  for  example  :  if,  in  paralysis  of  the  left  inferior  oblique, 
the  patient  were  to  try  and  look  upwards  and  to  the  left,  the 


Fig.  188.— Paralysis  of  the  Superior         FiG.  189.— Paralysis  of  the  Oblique 
and  Inferior  Recti  Muscles.  Muscles. 

false  image  would  be  displaced  upwards  and  to  the  left — that  is 
to  say,  in  the  direction  of  the  action  of  the  inferior  oblique,  the 
paralysed  muscle.  This  point  holds  good  with  all  the  ocular 
muscles,  viz.  that  the  false  image  is  displaced  in  the  direction  of 
the  action  of  the  paralysed  muscle. 

This  statement  will  appear  erroneous  upon  looking  at  fig.  188, 
but  it  must  be  remembered  that  in  the  paralyses  of  the  recti 
muscles  the  diplopia  is  crossed,  and  so  the  upper  false  images 
incline  away  from  the  true  ;  yet,  in  a  paralysis  of  aright  superior 
rectus,  the  false  image  is  above  and  inclined  towards  the  left — 
that  is  to  say,  directed  upwards  and  inwards.  Similarly,  the 
false  images  of  the  inferior  recti  are  directed  downwards  and 
inwards.    The  obliquity  of  the  false  images  in  paralysis  of  the 
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inferior  oblique  muscles  is'  away  from  the  central  line  of  tlie 
figure  and  from  the  true  image,  i.e.  outwards ;  in  paralysis  of  the 
superior  obliques,  imvards.  The  same  occurs  in  the  rotatory 
action  that  those  muscles  possess  upon  the  vertical  meridian  of 
the  cornea.  This  relationship  between  the  obhquity  of  the  false 
image  and  the  rotatory  action  of  the  oblique  muscles  is  the  same 
with  regard  to  the  recti  muscles.  The  false  images  of  the 
superior  recti,  though  above  the  horizontal  plane  and  inclined 
from  the  true  images,  are,  however,  inclined  towards  the  middle 
line,  whereas  those  of  the  inferior  recti  are  inclined  away.  The 
superior  recti  rotate  the  globe  inwards  ;  the  inferior  recti,  out- 
wards.   (Compare  figs.  188  and  189  with  fig.  178.) 

Differential  diagnosis. — Ascertain  which  eye  is  at  fault ;  then 
test  the  diplopia. 

A.  If  homonymous,  the  external  rectus  or  one  of  the  oblique 
muscles  is  at  fault. 

(1)  If  in  all  positions  of  regard  the  false  and  true  images 
are  on  the  some  level,  it  is  the  external  rectus. 

(2)  If  there  be  a  slight  vertical  displacement  upwards, 
increasing  in  the  upward  and  outward  regard  with  inclination  of 
the  false  away  from  the  true  image,  it  is  the  inferior  oblique. 

(3)  If  slight  vertical  displacement  downwards,  increasing  in 
the  downward  and  outward  regard,  with  the  false  image  inclined 
towards  the  true,  it  is  the  superior  oblique. 

B.  If  crossed,  the  internal,  superior,  or  inferior  rectus  is  at  fault. 

(1)  If,  in  all  positions  of  regard,  the  false  and  true  images 
are  on  the  same  level,  it  is  the  internal  rectus. 

(2)  If  there  be  slight  vertical  displacement  upwards,  increas- 
ing in  the  upward  and  inward  regard  with  inclination  of  the 
false  image  away  from  the  true,  it  is  the  superior  rectus. 

(3)  If  there  be  slight  vertical  displacement  downwards, 
increasing  in  the  downward  and  inward  regard  with  inclination 
of  the  false  image  towards  the  true,  it  is  the  inferior  rectus. 

After  the  discovery  of  the  muscle  paralysed,  it  is  necessary 
to  localise  the  seat  of  the  lesion.  If  only  one  of  the  muscles 
supplied  by  the  third  nerve  is  paralysed,  it  is,  in  all  probability, 
a  peripheral  lesion  ;  it  may  be  nuclear  from  progressive  central 
degeneration.  Nuclear  destruction  of  the  sixth  is  attended  with 
conjugate  deviation  to  the  opposite  side  and  facial  paralysis  of 
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the  same  side.  Central  can  usually  be  distinguished  from  peri- 
pheral lesions  by  the  presence  of  severe  intra-cranial  symptoms, 
as  persistent  headache,  vomiting,  vertigo,  epileptiform  seizures^ 
loss  of  consciousness,  the  presence  of  optic  neuritis;  other 
paralyses,  as  facial,  angesthesia  of  face,  hemiplegia,  &c. 

The  majority  of  ocular  paralyses  are  due  to  a  gummatous 
infiltration  of  the  nerve-sheaths. 

The  -treatment  of  these  paralyses  must,  as  far  as  possible,  be 
regulated  by  the  cause  of  the  affection.  When  central  disease,  of 
the  brain  or  the  medulla,  can  be  traced  as  the  cause  of  the  local 
affection,  the  chief  malady  must  be  first  dealt  with.  When 
syphilis  is  the  probable  cause,  we  must  have  recourse  to  the 
iodide  of  potassium  in  large  doses,  with  or  without  the  use  of 
mercury.  Where  the  local  failure  is  associated  with  a  rheumatic 
diathesis,  the  use  of  alkalies  combined  with  colchicum,  vapour- 
baths,  warm  clothing,  &c.,  is  advisable.  In  cases  of  great  debility 
after  acute  illness,  as  diphtheria,  typhoid,  or  other  causes,  the 
general  health  must  be  improved  by  the  administration  of  good 
food,  tonics,  as  ammonia  and  bark,  quinine,  iron,  and  cod-liver  oil. 

In  the  use  of  these  therapeutic  agents  it  should  be  borne  in 
mind  that  spontaneous  recovery  from  defective  muscular  action, 
and  even  from  paralysis,  is  not  unfrequent,  also  that  these  cases 
sometimes  fluctuate  in  their  severity  from  day  to  day. 

Eledro-tlieraijeutics  are  sometimes  beneficial  here,  as  in  other 
nerve-lesions.  Both  the  lorimarij  (galvanic,  continuous)  and  the 
secondary  (induced,  faradic)  currents  are  employed.  The 
plan  I  usually  adopt  is  to  use  both  these  currents  alter- 
nately. The  application  should  be  made  daily  for  a  period  not 
•  exceeding  ten  minutes.  One  pole  of  the  battery,  the  cathode, 
is  placed  behind  or  in  front  of  the  mastoid  process,  and  the 
other  is  placed  over  the  closed  eyelids  of  the  affected  eye,  by 
means  of  moist  small  sponges.  The  strength  of  the  current 
should  be  as  great  as  the  patient  can  tolerate  without  actual 
pain.  Usually  about  3  milliampdres  is  as  much  as  the 
patient  can  tolerate.  If  the  conjunctiva  be  cocainised  and  a 
metallic  conductor  used  instead  of  the  sponge,  the  current  can 
be  better  localised  to  the  affected  muscle  by  applying  it  within 
the  palpebral  sac  near  the  insertion  of  the  muscle :  in  this  case 
the  current  must  be  weaker,  about  1  or  1-5  milliamp6res. 
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In  addition  to  these  medical  and  electrical  remedies,  some 
precautions  may  at  the  same  time  be  taken  to  prevent,  or  to 
alleviate,  the  discomfort  produced  by  the  diplopia.  Closure  of 
the  affected  eye  by  means  of  a  shade  or  a  disc  of  ground  glass 
mounted  in  a  spectacle-frame  is  of  the  greatest  service ;  it  of 
course  prevents  the  double  vision— in  fact,  the  patient  generally 
closes  the  affected  eye  of  his  own  accord. 

If  the  good  eye  be  closed,  the  diplopia  certainly  disappears, 
but  there  is  always  the  false  projection  of  the  image  in  the 
direction  of  the  action  of  the  paralysed  muscle,  which  produces 
vertigo,  difiSculty  in  judging  of  the  position  of  surrounding 
objects,  and  other  disagreeable  sensations. 

Prisms. — In  certain  cases  which  have  become  stationary,  and 
in  which  the  images  are  not  too  widely  separated,  thei  employ- 
ment of  prisms  proves  beneficial  in  reducing  the  diplopia,  and 
in  stimulating  the  muscle  to  renewed  action.  If  we  look  through 
a  prism  we  find  that  it  produces  an  effect  similar  to  that  of  a 
pathological  deviation ;  it  causes  diplopia.  It  follows,  therefore, 
that  by  the  proper  employment  of  a  prism  we  are  often  able  to 
neutralise  the  diplopia.  In  the  use  of  a  prism,  the  rule  is  to 
place  its  apex  in  the  same  direction  as  that  in  which  the  eye  de- 
viates :  thus,  if  the  eye  turns  outwards,  the  apex  of  the  prism  must 
be  turned  outwards  ;  if  the  eye  turns  in,  the  apex  must  be  inwards 
also  (see  p.  412).  In  practice  it  is  well  to  use  a  prism  slightly 
below  the  full  correction,  so  as  to  give  the  affected  muscle  an 
opportunity  of  exerting  itself ;  thus,  supposing  the  diplopia 
to  be  corrected  by  a  prism  of  4°,  we  should  prescribe  one  of  3° 
in  preference  to  the  former.  Another  practical  point  is  to 
divide  the  prism  between  the  two  eyes  ;  thus,  supposing  No.  6 
is  found  to  reduce  the  diplopia  when  placed  before  the  affected 
eye  with  its  apex  outwards,  we  prescribe  two  No.  3  prisms,  one 
for  each  eye,  and  each  with  its  apex  outwards.  As  the  impaired 
muscle  regains  its  strength,  the  strength  of  the  prism  must  be 
diminished. 

Operative  treatment  is  never  justifiable  unless  there  is  evi- 
dence of  some  recuperative  power  in  the  paralysed  muscle,  and 
all  the  remedies  above  mentioned  have  been  duly  tried  without 
success.  Even  after  the  deviation  has  become  stationary,  it  is 
well  to  wait  a  few  months  before  resorting  to  operative  measures^ 
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masmuch  as  spontaneous  recoveries  sometimes  take  place  in  the 
most  unexpected  manner.  When,  however,  a  muscle  has  been 
partly  paralysed  for  upwards  of  six  months,  and  has  resisted  all 
other  treatment,  an  operation  may  be  of  service.  This  may 
consist  of  simple  tenotomy  of  the  antagonistic  muscle  so  as  to 
weaken  its  action,  or  it  may  require  advancement  of  the  affected 
muscle.  The  mode  of  procedure  in  these  operations  is  exactly 
similar  to  that  for  concomitant  strabismus. 

Spastic  strabismus. — In  paralytic  strabismus  it  was  seen  that 
the  deviation  of  the  visual  axis  was  due  to  a  defective  action  of 
one  or  more  of  the  ocular  muscles ;  in  spasmodic  or  spastic 
strabismus  excessive  action  is  the  cause  of  the  squint.  These 
spasmodic  affections  are  extremely  rare,  but  occur  sufficiently 
often  to  require  mention.  They  may  be  clonic  or  tonic,  and  are 
usually  the  result  of  an  irritative  lesion  which  may  be  direct  or 
reflex.  Clonic  spasms  are  not  unfrequently  seen  in  the  first  or 
irritative  stage  of  tubercular  meningitis ;  rarely,  if  ever,  seen  in 
basic  pachymeningitis.  Reflex  clonic  spasms  have  been  de- 
scribed as  occurring  in  children  suffering  from  worms,  teething, 
&c. ;  they  undoubtedly  occur,  however,  in  the  epileptiform  con- 
vulsions which  result  from  digestive  derangements.  Tonic 
spasmodic  action  has  been  observed  in  epilepsy. 

Hysterical  strabismus  is  by  no  means  unknown,  and  is 
probably  due  to  excessive  rather  than  deficient  action  of  an 
ocular  muscle ;  it  is  usually  convergent. 

The  treatment  consists  in  removing  all  possible  causes  of 
reflex  irritation;  and  examining  the  refraction  to  avoid  mis- 
taking a  concomitant  strabismus  for  this  affection.  Moral 
treatment  in  hysterical  subjects  is  most  essential. 

Concomitant  strabismus  is  the  name  given  to  a  form  of  squint 
which  is  caused  by  excessive  or  defective  convergence  of  the  visual 
axes  without  any  impairment  of  the  conjugate  movements  of  the 
eyes. 

It  differs  from  paralytic  squint  in  several  ways  (see  p.  482). 

1 .  The  mobility  of  the  affected  eye  is  not  diminished  in  any 
particular  direction,  but  possesses  a  normal  field  of  fixation. 

2.  The  primary  deviation  is  equal  to  the  secondary. 

3.  Diplopia  is  generally  absent,  but,  when  present,  does  not 
disappear  in  any  particular  part  of  the  field  of  fixation,  but  the 
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two  imao-es  preserve  a  constant  relation  to  one  another  in  all 
positions  of  tlie  eyes. 

4.  There  is  no  particular  inclination  of  the  patient's  head. 

Concomitant  squint  may  be  convergent  or  divergent. 

Convergent  strabismus  (internal  strabismus)  is  generally 
associated  with  hypermetropia,  although  it  occasionally  occurs  in 
emmetropic  and  myopic  eyes.  It  generally  commences  in  early 
life.  A  patient  who  is  hypermetropic  has  always  to  use  an 
excessive  amount  of  accommodation  in  order  to  see  objects 
clearly  (see  Refraction),  and  we  have  seen  on  p.  411  that  the 
act  of  accommodation  is  naturally  associated  with  that  of  con- 
vergence ;  hence  the  hypermetrope  finds  it  easier  to  use  the 
requisite  amount  of  accommodation  if  he  uses  his  convergence 
at  the  same  time.  The  consequence  of  this  is  that  the  visual 
lines  cross  between  the  patient  and  the  object  looked  at.  If 
each  eye  deviated  inwards  to  the  same  extent,  it  is  evident  that 
the  image  of  an  object  placed  in  the  middle  line  would  fall  in 
each  eye  to  the  inner  side  of  the  yellow  spot,  homonymous 
diplopia  would  be  the  result,  and  neither  eye  would  see  the 
object  in  its  true  position.  We  have  seen,  however,  that  the 
act  of  convergence  is  independent  of  the  other  conjugate  move- 
ments. So  that  all  the  patient  has  to  do,  in  order  to  see  the 
object  clearly,  is  to  move  both  eyes  to  the  right  or  to  the  left,  so 
that  (the  same  amount  of  convergence  being  maintained)  the 
visual  axis  of  one  eye  is  directed  to  the  object,  while  the  other 
deviates  inwards.  Thus,  supposing  that  the  strabismus  was 
such  that,  if  it  affected  the  two  eyes  equally,  each  eye  would 
deviate  inwards  five  degrees  from  its  normal  position,  then,  the 
one  eye  being  directed  to  the  object  looked  at,  the  visual  axis 
of  the  other  would  deviate  ten  degrees  from  its  normal  position. 
The  squinting  eye  in  this  case  receives  the  image  to  the  inner 
side  of  the  yellow  spot,  and  therefore  projects  it  outwards ;  but 
as  it  is  formed  on  a  peripheral  part  of  the  retina,  it  produces  a 
less  intense  visual  impression  than  the  image  on  the  yellow  spot 
of  the  other  eye ;  hence  the  patient  easily  learns  to  disregard  it, 
or,  as  it  is  termed,  to  '  suppress '  it. 

In  the  early  stages  the  patient  will  often  fix  with  either  eye 
indifferently,  and  the  squint  is  then  said  to  be  alternating. 
After  a  time,  however,  he  acquires  the  habit  of  always  fixing 


496 


mSUASHS  OF  THE  OCULAR  MUSCLES. 


with  the  same  eye,  and  the  squint  becomes  fixed  in  the  other. 
Even  when  the  squint,  however,  has  been  fixed  for  many  years, 
if  the  fixing  eye  be  covered,  the  other  can  be  made  to  fix  the 
object,  and  the  eye  which  is  usually  the  fixing  eye  will  squint ;  but, 
directly  the  eye  is  uncovered,  it  returns  to  its  former  position. 
As  long  as  the  squint  is  alternating,  each  eye  is  used  to  the 


Fig.  190. — Measurement  of  the  Angle  of  Strabismus. 


same  extent,  but  directly  it  has  become  fixed,  the  squinting 
eye  ceases  to  be  used,  and  its  acuity  of  vision  rapidly  declines ; 
this  is  unaccompanied  by  any  ophthalmoscopic  change,  but 
when  it  has  existed  for  any  length  of  time  it  can  only  be 
improved  by  constant  use  of  the  eye,  and  even  with  this  the 
visual  acuteness  can  seldom  be  entirely  restored;  hence  the 
importance  of  treating  a  squint  directly  it  becomes  fixed. 
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To  detect  luMck  is  the  squinting  eije  is  usually  quite  easy. 
We  direct  the  patient  to  fix  a  small  object,  such  as  the  tip  of 
the  index  finger,  held  about  half  a  metre  in  front  of  the  eyes. 
One  eye  is  then  observed  to  be  directed  towards  the  object, 
and  the  other  to  be  more  or  less  deviating  :  this  is  called  pri- 
mary deviation.  If  the  eye  which  the  patient  thus  prefers  to 
use  be  then  covered  by  a  disc  of  ground  glass,  the  deviating  eye 
will  be  observed  to  move  before  it  can  fix  the  object,  and  the 
covered  eye  will  now  be  seen,  through  the  ground  glass,  to  have 
deviated  'in  a  similar  way  to  the  first  eye :  this  is  called 
secondary  deviation. 

To  find  the  amount  of  deviation.— 1.  This  may  be  approxi- 
mately effected  by  measuring  the  distance  between  two  vertical 
lines,  one  passing  through  the  middle  line  of  the  palpebral 
aperture,  and  the  other  through  the  centre  of  the  pupil. 
Various  instruments  are  made  by  which  the  distance  between 
these  two  vertical  lines  can  be  measured  in  lines  or  millimetres. 

2.  The  angular  measurement  of  strahismus  is  more  accurate 

than  the  above.  . 

The  angle  of  the  strahismus  is  the  angle  tchich  the  visual 
axis  of  the  deviating  eye  maTces  toith  the  direction  ivhich  it  should 
have  in  a  normal  condition  (Landolt).  The  measurement  of 
this  may  be  effected  by  using  the  arc  of  the  perimeter.  The 
graduated  arc  A  o  A  (fig.  190)  is  placed  horizontally.  The 
deviating  eye  L  is  placed  at  the  centre  of  the  arc,  and  the 
patient  is  told  to  fix  a  distant  object  situated  at  o  on  the 
central  radius.  This  he  does  with  the  normal  eye  R.  Now 
the  point  o  is  that  to  which  the  deviating  eye  L  would  be 
directed  in  a  normal  condition.  For  all  practical  purposes  it 
is  sufficient  to  find  the  point  on  the  optic  axis,  and  to  con- 
sider the  angle  0  L  ;b  as  the  angle  of  the  strabismus. 

To  find  this  we  pass  the  flame  of  a  candle  along  the  arc  of 
the  perimeter,  keeping  our  own  eye  close  to  the  candle,  until 
the  image  of  the  latter  is  seen  reflected  from  the  centre  of  the 
cornea.  Tlie  point  x  on  the  arc,  at  which  this  image  is  seen, 
is  then  read  off,  and  we  know  the  angle  o  L  £c. 

Divergent  Strahismus  (external  strabismus)  usually  occurs  in 
association  with  mijojna,  although  it  is  found  in  emmetropic  and 
occasionally  in  hypermetropic  eyes. 
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The  connection  between  myopia  and  divergence  is  analogous 
to  that  between  hypermetropia  and  convergence  ;  in  myopia  the 
accommodation  is  used  little,  and  in  high  degrees  not  at  all ; 
hence  the  patient  finds  it  very  difficult  to  use  the  great  amount 
of  convergence  which  would  be  required  to  obtain  binocular 
vision^  at  the  close  range  at  which  he  has  to  hold  all  objects. 
The  difficulty  of  convergence  is  also  increased  by  the  elongated 
form  of  the  globe,  by  which  it  is  much  less  adapted  than  the 
more  globular  emmetropic  eye  for  rotating  in  Tenon's  capsule. 

At  first  the  divergence  is  only  reZafire— that  is  to  say,  there 
is  no  actual  divergence  of  the  visual  axes,  but  they  are  divergent 
relative  to  the  point  looked  at ;  in  other  words,  there  is  inability 
to  converge.    Later  on  the  divergence  becomes  actual. 

When  an  eye  has  ceased  to  be  of  use  for  visual  purposes,, 
whether  from  amblyopia,  opacity  of  the  cornea,  or  other  causes, 
it  frequently  undergoes  deviation,  which  as  a  rule  takes  place 
outwards. 

The  treatment  of  concomitant  squint. — 1.  By  the  use  of 

(/lasses. — In  all  cases,  whether  convergent  or  divergent,  the 
refraction  of  each  eye  should  be  carefully  examined,  and  cor- 
recting glasses  prescribed.    See  Refraction. 

Children  under  five  years  of  age  are  usually  too  young  to- 
wear  glasses.  In  such  cases  all  exercises  requiring  accommoda- 
tion in  the  use  of  the  eyes,  such  as  reading  fine  print,  should  be 
discouraged.  The  child  can  be  taught  by  means  of  large  types, 
block  letters,  &c.,  until  it  is  of  sufficient  age  to  wear  spectacles. 

It  is  necessary  that  the  patient  should,  in  many  cases,  be 
thoroughl}^  atropised,  and  the  total  refraction  estimated.  If  the 
atropine  does  away  with  the  squint,  which  sometimes  happens, 
the  ]3roper  correction  with  glasses  will  probably  have  the  same 
efi^'ect.  In  such  cases,  the  full  correction  should  be  ordered  for 
constant  use.  If,  however,  the  mydriatic  does  not  cure  the  squint, 
it  is  doubtful  if  glasses  will  do  so,  though  a  few  months'  trial 
with  a  full  correction  is  always  advisable. 

Intermittent  and  alternating  squints  are  the  kinds  usually 
relieved  by  these  means.  Cases  of  strabismus,  in  which  one 
eye  is  amblyopic,  are  not  likely  to  be  cured  by  the  use  of 
glasses. 

2.  Bij  oioemtion. — There  are  two  principal  methods  in  opera- 
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ting  tor  the  cure  of  a  concomitant  strabismus,  {a)  By  weaken- 
ing the  action  of  a  muscle,  or  Qi)  by  increasing  its  power.  The 
former  is  clone  by  simply  dividing  its  tendon — tenotomy;  the 
latter,  by  advancing  its  tendon — muscular  advancement. 

(«.)  Tenvfo-mi/.—lf  the  case  is 
one  of  convergent  or  internal 
squint,  tenotomy  of  the  intenuil 
rectus  muscle  is  necessary  ;  if,  on 
the  other  hand,  it  is  a  divergent 
or  external  squint,  the  exterwd 
rectus  should  be  divided. 

The  operation  may  be  per- 
formed in  one  of  two  ways — either 
by  exposing  the  tendon  and  then 
dividing  it,  or  by  the  subconjunc- 
tival method  of  the  late  G.  Crit- 
chett.  In  either  case  the  tendon 
should  be  divided  close  to  its  at- 
tachment to  the  sclera. 

Oijeration. — G.  Critchett's  me- 
thod.— The  instruments  required 
are :  (1)  Speculum  (fig.  44)  ;  (2) 
Fixation  forceps  (fig.  45) ;  (3) 
Squint  hook  (fig.  46)  ;  (4)  Blunt- 
pointed  scissors  (fig.  191J. 

The  patient  lies  supine;  the 
surgeon  stands  on  the  patient's 
right,  and  his  assistant  opposite 
him.  The  speculum  is  intro- 
duced, and  the  lids  widely  sepa- 
rated the  surgeon  pinches  up  a 
fold  of  conjunctiva  and  sub- 
conjunctival tissue  with  the  fixa- 
tion forceps  on  the  same  side  as 
the  muscle  he  is  about  to  divide  : 
if  on  the  inner  side,  midway 
between  the  cornea  and  caruncle  ;  if  on  the  outer,  between  the 
cornea  and  outer  canthus ;  always,  however,  on  the  level  with 
the  lower  margin  of  the  cornea.    With  the  scissors  in  the  right 
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Fig.  191. — Squint  Scissors. 
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haud  held  almost  perpeudicnlarly,  he  divides  these  structures, 
and  the  capsule  of  Tenon.  The.  latter  is  known  to  be  opened 
when  tlie  point  of  the  scissors  suddenly  sinks  deeper  into  the 
wound ;  if  there  is  any  resistance  offered,  the  capsule  is  probably 
intact.  That  membrane  being  opened,  and  the  white  shiny 
sclerotic  exposed,  the  hook,  with  its  point  downwards,  is  intro- 
duced into  the  wound,  and,  being  turned  towards  the  globe,  the 
concavity  of  the  hook  is  made  to  sweep  upwards  over  the  con- 
vexity of  the  eyeball,  and  beneath  the  rectus  tendon,  at  the  upper 
border  of  which  the  point  will  be  seen  projecting  beneath  the 
conjunctiva.    On  now  drawing  the  hook  forwards,  the  tendon 


Fig.  192. — Convergent  Strabismus.  Fig.  193. — After  Operation. 

will  occupy  its  concavity  about  5,  G,  or  7  mm.  from  the  lateral 
margin  of  the  cornea,  and  the  pull  upon  it  will  rotate  the  globe 
to  the  opposite  side. 

It  is  necessary  to  be  careful  to  open  the  fibrous  capsule  of 
Tenon,  otherwise  the  hook  will  not  pass  beneath  the  tendon,  but 
between  it  and  the  conjunctiva ;  if  this  has  occurred  it  will  pass 
right  up  to  the  corneal  margin  instead  of  being  arrested  by  the 
muscle.  The  forceps  are  now  relinquished,  and  the  hook  passed 
to  the  left  hand,  by  which  it  is  held  parallel  to  the  nose,  while 
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some  traction  is  made  in  a  forward  direction  so  as  to  tighten  tlie 
tendon  and  render  it  accessible  to  the  scissors.  The  latter  are 
now  to  be  passed  into  the  wound  between  the  hook  and  the  eye  ; 
in  doing  this  the  blades  should  be  slightly  open,  so  that  one 
passes  in  front  and  the  other  behind  the  tendon,  which  must  bo 
divided  close  to  the  sclerotic  by  two  or  three  snips.  When  this 
has  occurred,  the  hook  can  be  drawn  forwards  right  up  to  the 
margin  of  the  cornea.  It  should,  however,  be  introduced  a 
second  time,  to  ascertain  if  any  strands  of  tendon  have  escaped 
division. 


Fig.  194.— Divergent  Strabismus.  Fig.  195. — After  Operation. 


Where  a  considerable  effect  is  desired,  the  scissors  should  be 
passed  between  the  conjunctiva  and  the  globe  in  front  of  the 
rectus  before  the  tendon  is  divided,  and  during  the  division  of 
the  latter  the  incision  of  the  surrounding  capsule  of  Tenon 
should  be  more  extensive  than  in  a  simple  tenotomy.  It  must 
be  remembered  that  the  insertion  of  the  external  rectus  is 
farther  back  on  the  globe  (7  mm.),  that  it  is  in  closer  apposition 
to  the  latter,  and  consequently  more  difficult  to  hook  than  the 
intei'nal  rectus. 

The  main  difficulties  in  the  division  of  either  of  these  tendons 
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are  in  opening  and  introducing-  the  hook  into  Tenon's  capsule, 
and  in  cutting  through  the  tendQn  without  pushing  it  off  the 
end  of  the  hook  with  the  scissors. 

{h)  Muscular  advancement  or  adjastment  signifies  the  detacli- 
ment  of  a  tendon  from  its  insertion  in  the  sclerotic,  and  bring- 
ing it  forward  in  such  a  manner  that  it  may  become  adherent 
at  a  point  in  front  of  its  original  position.  By  this  means  its 
power  in  the  rotation  of  the  globe  is  increased.  This  operation 
is  usually  performed  in  conjunction  with  tenotomy  of  its  anta- 
gonist. 

The  operation  which  I  have  found  most  successful  is  a  modi- 
fication of  Prince's  ;  it  requires— besides  the  instruments  used 
for  tenotomy— Prince's  catch-forceps  (fig.  196),  and  three 
sutures  of  black  silk  armed  at  each  end  with  a  curved  needle. 
The  relative  positions  of  the  surgeon,  his  patient,  and  assistant 
are  the  same  as  in  the  former  operation.    A  vertical  incision  is 


Fig.  196.— Prince's  Catch-Forceps. 

made  in  the  ocular  conjunctiva  by  means  of  the  scissors ;  the 
middle  of  the  incision  should  be  opposite  the  centre  of  the 
cornea  and  about  2  mm.  from  its  lateral  margin.  The  outer 
part  of  the  divided  membrane  is  dissected  from  the  underlying 
structures,  and  a  strip  of  it,  if  necessary,  is  removed.  The  cap- 
sule of  Tenon  is  now  seized  and  opened  opposite  the  lower 
border  of  the  tendon  to  be  advanced,  and  the  hook  introduced, 
the  point  of  which  projects  above  the  tendon  under  cover  of  the 
capsule  of  Tenon  :  this  must  be  freed  by  a  snip  of  the  scissors. 
The  female  blade  of  Prince's  forceps  is  now  passed  under 
the  tendon  and  the  hook  removed,  the  conjunctiva  is  drawn 
forward  between  the  two  blades  of  the  forceps,  which  are  now 
closed,  including  between  its  blades  the  tendon,  capsule,  and 
conjunctiva.  The  tendon  must  be  divided  close  to  the  sclera  if 
only  a  slight  advancement  is  required,  or  1  or  2  mm.  from  its 
insertion  if  considerable  effect  is  needed.    Three  sutures  are 


MUSCULAR  AD  VAN  CEMENT. 


503 


now  passed  tlirougli  the  tendon  and  other  structures  entrapped 
in  the  forceps,  one  through  the  centre,  one  just  above,  and 
another  below  it  (see  tig.  197). 

The  tendon  being  well  secured  by  the  sutures,  the  forceps  are 
removed.     The  upper  suture  is  passed  upwards  and  inwards 


Fig.  197.— Operation  for  Advancement  of  the  External  Rectus  Muscle. 

beneath  the  conjunctiva  and  through  the  episcleral  tissue  as  far  as 
the  highest  point  of  the  cornea ;  the  lower  suture  is  threaded  in 
a  similar  way  and  brought  out  opposite  the  lowest  point  of  the 
cornea  ;  the  middle  suture  is  passed  through  the  narrow  strip  of 
conjunctiva  left  opposite  the  centre  of  the  lateral  margin  of  the 
cornea ;  the  centre  is  recognised  by  finding  its  relation  to  the 
centre  of  the  attached  portion 
of  the  divided  tendon.  The 
lateral  sutures  I  generally  tie 
ofi  fii'st  and  the  middle  last. 
When  tied,  the  sutures  are  cut 
short  and  allowed  to  remain  in 
till  the  fourth  day  (fig.  198). 
The  effect  of  the  operation 

depends,  to  a  great  extent,         fig.  198.-After  Operation, 
upon  whether  sufiicient  epi- 
scleral tissue  is  taken  up  or  not.    It  is  by  including  this  tissue 
that  the  jDurchase  is  obtained  on  the  globe  ;  the  conjunctiva  alone 
is  too  lax  and  an  insufiicient  support. 

(c)  Capsular  advancement. — This  is  a  modified  form  of  the 
last  operation  performed  by  some  surgeons,  and  which  I  find 
useful  in  cases  where  but  little  is  required  to   correct  an 
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external  deviation  or  a  slight  convergence  still  existing  after 
l)revious  tenotomy  of  the  rectus  internus. 

The  operation  is  conducted  in  a  similar  manner  and  with  the 
same  instruments  as  in  muscular  advancement ;  the  chief  differ- 
ence lies  in  oiot  dividing  the  tendon.  It  is  not  necessary  to  use 
Prince's  forceps,  though  the  sutures  are  more  easily  passed  when 
the  structures  are  held  together  within  its  blades.  The  central 
suture  is  alone  passed  through  the  tendon  ;  the  lateral  are 
passed  through  the  capsule  above  and  below  it.  When  the 
sutiTres  are  tied  the  tendon  is  folded  upon  itself;  this  constitutes 
the  shortening  process,  and  is,  therefore,  a  muscular  advance- 
ment, and  not,  strictly  speaking,  an  advancement  of  the  capsule 
only,  as  the  title  implies. 

TJie  after-treatment.— ^im^Xe  tenotomy  is  rarely  attended  by 
serious  reaction.  A  cold-water  compress  and  bandage  can  be 
worn  for  twelve  hours  and  then  discarded.  The  subconjunctival 
extravasation  of  blood  usually  disappears  in  the  course  of  two 
weeks  ;  but  if  severe,  as  sometimes  happens  when  vomiting  takes 
place  immediately  after  the  operation,  its  absorption  may  reqiiire 
a  longer  period  than  this. 

Where  ametropia  exists,  the  con-ecting  glasses  should  in  all 
cases  be  worn  from  the  time  of  the  operation. 

Muscular  or  capsular  advancement  is  followed  by  pain  and 
swelling,  which  may  be  considerable,  and  usually  extends  over 
a  few  days.  A  cold  compress  should  be  worn,  and  the  patient 
kept  in  bed  during  the  reaction. 

The  choice  of  operation. — Of  the  three  operations  above 
mentioned,  tenotomy  is  the  one  most  frequently  adopted,  chiefly 
on  account  of  its  simplicity  and  the  excellent  results  obtained. 
There  are  many  cases,  however,  which  demand  further  attention, 
simple  tenotomy  not  giving  complete  satisfaction.  Tenotomy 
may  be  performed  on  one  eye  only — single  tenotomy — or  on  both 
— double  tenotomy.  The  former  is  sufficient  if  the  deviation  does 
not  exceed  25°.  If  the  angle  of  deviation  should  be  greater, 
the  choice  lies  in  performing  double  tenotom}^  or  tenotomy  with 
advancement,  whether  it  be  capsular  or  muscular.  If  the  squint 
does  not  exceed  45°,  one  or  other  of  these  operations  -will  suflSce  ; 
if,  however,  the  deviatioia  is  greater  than  that,  double  tenotomy 
with  advancement  of  one  of  the  antagonists  is  required. 
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If  the  vision  is  good  in  both  eyes,  double  tenotomy  is  pre- 
ferable to  tenotomy  and  advancement;  the  latter  is  advisable  if 
one  eye  be  amblyopic.  Double  advancement  without  tenotomising 
the  antagonists  may  be  performed  with  success. 

Capsular  advancement  of  the  rectus  internus  is  very  useful 
in  those  cases  where  a  blind  eye  deviates  slightly  outwards  from 
disease,  or  where  slight  divergence  follows  an  operation  for  a 
convergent  squint. 

Tlie  choice  of  cm  ancesthef  ic. — The  value  of  the  local  antesthetic 
cocaine  cannot  in  my  mind  be  over-estimated  in  the  performance 
of  these  operations.  Its  superiority  over  a  general  ansesthetic  • 
lies  in  the  fact  that  the  squiut  can  be  corrected  at  one  operation  ; 
for  the  patient,  being  conscious,  can  sit  up  immediately  after  it 
— for  example,  a  single  tenotomy  ;  and  if  any  deviation  still  exists 
it  is  recognised  and  can  be  corrected  by  a  further  operation, 
either  by  a  tenotomy  in  the  other  eye  or  advancement  of  the 
antagonist  on  the  same  eve.    Uuder  a  general  antesthetic  the 
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eyes  usually  diverge,  aud  a  very  marked  convergent  squint  will 
often  appear  divergent  under  chloroform.  Again,  cocaine  pro- 
duces complete  local  anaesthesia  :  no  pain  is,  as  a  rule,  felt  beyond 
a  slight  unpleasant  pull  on  the  tendon  when  the  hook  is  intro- 
duced. In  children  under  twelve,  or  in  highly  nervous  indivi- 
duals, a  general  antesthetic  is  usually  required. 

The  use  of  prisms  is  recommended  by  some  surgeons  (Du 
Bois  Eeymond,  Javal)  as  a  means  of  cure  for  concomitant  squint. 
The  strength  of  the  prism  should  be  one  or  two  degrees  less  than 
the  angle  of  the  strabismus,  so  that  the  patient  can  practise 
fusion  of  the  double  image  by  the  use  of  the  two  eyes  together. 
This  method  can  only  be  of  service  in  those  very  rare  cases  in 
which  there  is  still  binocular  vision. 

Nystagmus  is  an  oscillating  movement  of  the  globes,  pro- 
duced by  the  involuntary  and  jerky  contractions  of  the  ocular 
muscles.  It  is  commonly  associated  with  some  serious  defect 
of  vision  which  has  existed  from  very  early  life,  without  absolute 
loss  of  sight,  such  as  opacities  of  the  cornea  after  purulent 
ophthalmia,  pyramidal  cataract,  albinism,  choroido-retinitis,  and 
other  affections.  The  cause  of  nystagmus  developed  in  infancy 
probably  depends  upon  an  imperfect  development  of  the  coordi- 
nating centres  governing  the  conjugate  movements  of  the  eyeball. 
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The  natural  power  of  fixation  is  an  acquired  one,  and  results 
from  the  perception  of  perfect  retinal  impressions.  Defective 
sight  from  early  childhood  is  an  imi^ediinent  to  this  plivsiological 
acquirement.  The  little  light  that  is  perceived  causes  an  im- 
perfect attempt  to  be  made  to  use  the  eyes ;  an  irregular  action 
of  the  coordinating  centre  is  the  result.  Absolute  blindness 
from  birth  is  rarely,  if  ever,  attended  with  nystagmus. 

Nystagmus  is  often  developed  in  adult  life  amongst  persons 
who  work  in  coal-pits  {miner's  ni/star/mus).  That  this  variety  is 
due  to  a  faulty  position  of  the  body,  head,  and  eyes  is  strongly 
advocated  by  Snell.i  Other  observers  attribute  the  disease  to 
paucity  of  light.  I  am  inclined  to  look  upon  the  former  as  the 
exciting  and  the  latter  as  the  predisposing  cause  of  this  affec- 
tion. The  eyes  turned  obliquely  upwards  soon  tire  from  the  in- 
sufficient controlling  action  of  the  coordinating  centre,  weakened 
from  want  of  external  stimuli ;  for  the  functional  activity  of  that 
centre  is  to  a  great  extent  maintained  by  external  influences. 

In  certain  diseases  of  the  central  nervous  system  nystag- 
mus is  a  frequent  symptom ;  as  in  insular  sclerosis,  hereditary 
ataxia,  meningitis,  intracranial  new-growths,  especially  cerebellar 
tumours  (Gowers).  It  is  a  curious  fact  that  it  is  never  seen  in 
paralysis  agitans. 

The  oscillatory  movement  is  almost  invariably  bilateral,  and 
may  take  place  in  any  direction  ;  it  may  be  horizontal,  vertical, 
oblique,  or  rotatory.  The  horizontal  movement  is  that  most 
frequently  met  with.  The  movements  vary  greatljr  in  rapidity 
and  extent  in  different  cases,  and  even  in  the  same  case.  In 
the  miner,  for  instance,  it  often  only  takes  place  when  he  is  in 
the  stooping  posture. 

Treatment  fails  to  cure  the  affection.  The  vision  should 
when  possible  be  improved  by  glasses. 

Muscular  insufficiency  consists  in  the  inability  to  maintain 
binocular  vision  beyond  a  short  period  of  time.  With  a  squint, 
the  patient  cannot  command  binocular  vision  at  allj  with 
insufficiency,  he  can  do  so  for  a  short  while.  The  causes  are 
most  frequently  errors  of  refraction,  though  general  weakness, 
brought  about  by  antemia,  nervous  exhaustion,  and  the  like,  is 
often  attended  with  this  condition  along  with  symptoins  allied 
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to  asthenopia,  in  which  no  error  is  to  be  found  in  the  patient's 
refraction,  the  only  possible  cause  being  a  muscular  weakness. 

The  muscles  usually  at  fault  are  those  subserving  the  act  of 
convergence,  i.e.  the  internal  and  external  recti ;  for  though  the 
interni  govern  the  immediate  act,  their  action  is  regulated  by  the 
relaxation  of  their  antagonists,  the  externi ;  also  the  return  to 
parallelism  is  brought  about  by  the  contraction  of  the  latter 
similarly  modified  by  the  relaxation  of  the  interni. 

A  weakness  of  the  externi  will  allow  a  deviation  inwards  of 
one  eye  when  parallelism  can  no  longer  be  excited  by  binocular 
vision — insufficiencij  of  the  externi. 

Similarly,  a  weakness  of  the  interni  will,  after  the  eyes  have 
been  fixing  a  near  object  for  a  short  while,  be  attended  with 
deviation  of  one  eye  outwards  away  from  the  point  of  fixation — 
insufficiency  of  the  interni. 

The  iusufficiency  attending  refractive  errors  is  in  many 
instances  due  to  a  disturbance  in  the  balance  between  accom- 
modation and  convei'gence  (see  p.  but  in  others  there  can 
be  no  doubt  that  a  muscular  weakness,  whether  congenital 
or  acquired,  exists,  which  gives  rise  to  symptoms  allied  to 
asthenopia,  and  they  are  expressed  by  many  as  '  muscular 
asthenopia.'  Myopia  is  usually  attended  with  insufficiency  of 
the  interni ;  hypermetropia,  on  the  other  hand,  with  insufficiency 
of  the  externi. 

In  muscular  insufficiency  due  to  other  causes,  weakness  of  the 
interni  is  more  often  witnessed,  the  eyes  tending  to  turn  out- 
wards into  the  position  of  natural  rest. 

The  examination  of  muscular  insufficiency. — (a)  Maddoxs  rod 
test. — This  is  only  a  qualitative  test,  though,  at  the  same  time, 
a  very  delicate  one.  The  patient  is  seated  at  a  distance  of  six 
metres  from  a  candle-flame ;  in  front  of  one  eye  is  placed  a  red 
glass,  and  in  front  of  the  other  a  stenopai'c  slit,  the  slit  being 
occupied  by  a  cylindrical  glass  rod.  The  glass  rod  acts  as  a 
powerful  cylindrical  lens,  converting  the  flame  into  a  narrow 
line  of  light.  If  the  rod  is  placed  horizontally,  this  linear  image 
is  vertical,  and  vice  versa;  that  is  to  say,  the  linear  image  is  at 
right  angles  to  the  axis  of  the  cylinder. 

In  testing  insufficiency,  the  rod  is  placed  horizontally,  and  if 
no  muscular  weakness  exists,  the  vertical  white  line  will  pass 
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throug-li  the  centre  of  the  red  flame  {orthophoria)}  If,  liowever 
1  he  line  lies  to  one  side  of  the  flame  there  will  be  a  latent 
deviation  (heferophorla),  either  latent  divergence  (insufficiency 
of  the  internal  recti,  exophoria)  or  latent  convergence  fin- 
suflSciency  of  the  external  recti,  esophorln)  ■  in  the  former  the 
diplopia  will  be  crossed  ;  in  the  latter,  homonymous. 

This  test  is  also  of  value  in  discovering  the  kind  of  diplopia 
in  cases  of  strabismus. 

{h)  Maddox's  jmsm  test.— This  is  both  a  qualitative  and  a 
quantitative  test  for  estimating  muscular  insufficiency.  There 
are  two  ways  of  measuring  it— a  distant  and  a  near  method. 
The  principle  of  the  te.st  is  as  follows  :  vertical  diplopia  is  pro- 
duced by  placing  a  prism  of  12°  with  its  base  upwards  before 
one  eye,  and  the  person  under  examination  is  made  to  look  at  a 
row  of  figures  ranging  from  a  central  unit  to  ten  or  more  on 
either  side  ;  the  figures  to  the  left  are  printed  red,  those  to  the 
right  black ;  a  central  x  or  arrow  indicates  zero.  The  patient 
sees  two  rows  of  figures,  one  above  the  other,  the  lower  being 
the  false  or  virtual  image  caused  by  the  prism. 

In  the  distant  test  the  patient  must  be  seated  at  a  distance 
of  5  metres.  If  the  x  in  the  lower  row,  or  false  image,  falls 
opposite  the  x  in  the  row  above,  after  looking  at  it  for  five  minutes, 
no  insufficiency  or  latent  deviation  exists — there  is  orthophoria.  If, 
however,  the  lower  row  is  displaced  laterally,  the  x  in  the  lower 
row  will  point  to  the  red  or  black  type  in  the  row  above  accord- 
ing to  whether  it  is  displaced  to  the  left  or  right.  The  number 
opposite  to  which  the  displaced  cross  makes  a  stand  is  the 
amount  of  deviation  in  degrees.  If  the  prism  is  in  front  of  the 
right  eye,  and  the  x  moves  in  the  direction  of  the  red  figures, 
there  is  exophoria ;  if  in  the  direction  of  the  black  figures,  there 
is  esophoria. 

In  the  near  test,  the  card  should  be  held  at  a  dit^tance  of 
25  cm.    The  numbers  indicate  degrees,  and  the  letters  A  li  c  D 

'  Dr.  George  Stevens  of  New  York  has  introduced  certnin  generic  terms 
to  explain  this  defective  equilibrium  in  the  ocular  muscles.  If  the  muscles 
maintain  the  visual  axes  in  a  state  of  parallelism  when  the  eyes  are  at  rest, 
the  condition,  which  is  the  normal  one,  is  called  ortJioj)Jwria.  If  there  is  a 
tendency  of  the  visual  axes  to  depart  from  this  natural  position  it  is  called 
hcteropfioria.  If  thnj'  tend  to  deviate  inwards,  esojjlwria ;  if  outwards, 
exoplwrla. 
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metre  aw/les  of  deviation  for  an  inter-ocular  distance  of  G4<  mm. 
It  is  required  of  the  jDatient  to  accommodate  so  as  to  be  able  to 
read  the  small  print  beneath  the  line  (see  hg.  199).  An  arrow 
points  to  the  number  or  letter  of  deviation.  Exact  adjustment 
of  the  prism  is  necessary  in  each  test,  and  so  it  is  very  convenient 
to  have  it  permanently  fixed  in  a  spectacle-frame.    The  distant 
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Fig.  199. — MacMo.K  Test  (reduced). 

test  necessitates  a  board  nearly  seven  feet  long  and  six  inches 
wide  ;  consequently  the  near  test,  being  equally  accurate,  is 
more  convenient. 

(c)  Another  prism  test  by  the  same  author  is  in  use,  and 
consists  of  two  prisms  attached  base  to  base.  This,  jDroperly 
adjusted  in  front  of  one  eye,  will  produce  monocular  vertical 
diplopia.  A  point  of  light  looked  at  through  this  double  prism 
is  seen  as  two,  and  if  the  other  eye  is  in  use  it  will  see  the  true 
light  midway  between  these  false  images.  If  the  true  image 
appears  to  be  upon  an  imaginary  line  drawn  between  the  two 
false  ones,  there  is  orthophoria ;  if  it  does  not,  there  is  hetero- 
phoria  or  latent  deviation. 

Treatment. — The  first  step  to  be  taken  in  the  treatment  of 
muscular  insufficiency  is  the  removal  of  the  cause ;  this  in  most 
instances  is  all  that  is  required.  Correct  any  existing  ame- 
tropia, and  support  the  general  health,  by  which  means  the 
general  muscular  system  is  improved.  Should  it  happen  that 
no  refractive  error  is  present,  and  that  there  is  no  constitutional 
depression,  the  conclusion  arrived  at  is  that  there  exists  an  in- 
herent weakness  of  the  abducting  or  adducting  muscles  of  the 
eyes.  In  such  cases  prisms  (p.  412)  may  relieve  the  symptoms  : 
if  there  is  esophoria,  prisms  with  their  bases  outwards,  if  exophoria 
prisms  with  their  bases  inwards,  will  allay  discomfort.  If  there 
should  be  present  any  insufficiency  after  the  proper  correction  with 
accurately  centred  lenses  and  after  improving  the  general  mus- 
cular tone,  the  correcting  prism  should  be  constantly  worn  alone 

if  no  error  of  refraction  is  present ;  or,  if  there  is  an  ern 
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combination  witli  tlie  proper  sphere  by  tlie  deceutration  of  the 
latter.  In  muscular  insufficiency  due  to  general  muscular  weak- 
ness, besides  constitutional  treatment  local  help  may  be  afforded 
by  the  daily  use  of  prisms  so  as  to  practise  abduction  and  ad- 
duction. Some  object  is  fixed  (6  metres  distant)  and  prisms 
of  increasing  strengths  are  used,  an  endeavour  being  made 
to  prevent  diplopia  by  maintaining  binocular  vision  (Dyer's 
treatment)  ;  to  prescribe  prisms  for  the  mere  relief  of  distress  in 
such  cases  is  not  ju.stifiable.  In  the  worst  cases  of  insufficiency, 
in  which  binocular  vision  cannot  be  maintained  for  a  longer 
period  than  two  or  three  minutes,  it  may  be  necessary  to  weaken 
the  opposing  muscle  by  tenotomy  or  to  strengthen  the  de- 
fective muscle  by  the  advancement  of  the  capsule  near  its  inser- 
tion, or  even  by  advancement  of  the  muscle  itself. 

The  intra-ocular  muscles. — The  internal  muscles  of  the  eye  are 
the  ciliarij  m  uscle  and  the  splimcter  j^juinllw.  A  dilatator  jjupillce 
is  sometimes  described,  but  its  existence  is  hypothetical  ;  its  pre- 
sence as  an  anatomical  structure  cannot  be  demonstrated. 

The  sphincter  pupilla3  and  ciliary  muscle  are  supplied  by  the 
third  nerve,  which  has  its  nucleus  of  origin  in  the  fore  part  of 
the  floor  of  the  aqueduct  of  Sylvius.  The  anterior  part  of  this 
nucleus  is  the  centre  for  accommodation,  the  middle  portion  for 
the  contraction  of  the  pupil,  the  posterior  and  greater  portion 
for  the  action  of  the  extra-ocular  muscles.  The  fibres  for  the 
intra-ocular  muscles  leave  the  lower  division  of  the  main  trunk 
by  the  short  root  to  the  lenticular  (ophthalmic)  ganglion,  and 
enter  the  globe  by  means  of  the  short  ciliary  nerves. 

Irritation  of  the  anterior  half  of  the  third  nerve  nucleus  or 
the  nerve-trunk  prior  to  the  exit  of  the  short  root  to  the  lenti- 
cular ganglion  will  cause  contraction  of  the  sphincter  pupillag 
and  ciliary  muscle.  A  destructive  lesion  would  produce  an 
opposite  effect,  viz.  iridoplegia  and  cycloplegia. 

The  hypothetical  dilatator  pupillas  muscle  is  supplied  by 
fibres  of  the  sympathetic  nerve,  which  have  a  nucleus  in  the 
spinal  cord  about  the  region  of  origin  of  the  first  and  second 
dorsal  nerves,  the  cilio-spinal  centre  of  Budge  and  Waller,  sub- 
ordinate to  a  higher  nerve-centre  in  the  medulla.  The  fibres 
leave  the  cord  by  the  lower  cervical  and  upper  dorsal  anterior 
nerve-roots,  and,  passing  into  the  last  cervical  and  first  thoracic 
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ganglia,  enter  the  sympathetic  cord  and  are  conducted  upwards 
to  the  Gasserian  ganglion,  and  through  the  nasal  nerve  enter  by 
the  long  root  the  lenticular  ganglion,  from  which  they  proceed 
to  the  eyeball. 

Irritation  of  the  cervical  sympathetic  or  the  lower  cervical 
part  of  the  spinal  cord  will  cause  dilatation  of  the  pupil ;  a  de- 
structive lesion,  contraction  of  the  pupil. 

The  pupils  are  usually  circular,  central,  and  equal  in  size 
(p.  153).    Their  size  varies  considerably  under  perfectly  healthy 
conditions — {a)  according  to  the  intensity  of  Ur/Jd,  contracting  in 
bright  light,  dilating  in  the  dark.    The  method  for  examining 
the  pupillary  light  reflexes  is  as  follows :  Cover  both  eyes  with 
the  palms  of  the  hands  ;  upon  exposing  one  eye — for  example,  the 
right — to  the  light,  its  pupil  contracts  (direct  ligJit  reflex),  and  the 
left  pupil  also  contracts,  though  to  a  less  extent  (indirect  or  con- 
sensiial  lic/Jit  reflex),  being  indirectly  stimulated  through  the 
light  entering  the  right  eye  ;  upon  exposing  the  left  eye  a  fur- 
ther slight  contraction  occurs  in  the  right  eye  (consensual  reflex) 
in  conjunction  with  the  direct  reflex  in  the  left.  If,  after  shading 
the  eyes  for  a  few  minutes,  they  are  suddenly  exposed  to  a 
bright  light,  a  slight  and  temporary  rhythmical  contraction  and 
dilatation  of  the  pupils  will  ensue — liippns;  this  is  very  evident 
in  neurotic  individuals.    The  path  taken  by  the  reflex  act  is  the 
following  :  The  light  excites  the  retina,  and  the  stimulus  is  con- 
ducted by  the  optic  nerve  and  tracts  to  the  corpora  quadrigemina, 
whence  it  passes  to  the  nucleus  of  the  third  nerve  (middle 
portion)  and  is  conveyed  back  as  a  motor  impulse  through  the 
third  nerve,  lenticular  ganglion,  and  short  ciliary  nerves  to  the 
eyeball  and  sphincter  pupilla?.    (h)  The  pupils  contract  to  accom- 
modation.   Accommodation,  convergence,  and  contraction  of  the 
pupil  are  associated  acts  ;  so  this  pupillary  reaction  is  dependent 
upon  a  spontaneous  impulse,    (c)  Reflex  dilatation  of  the  pupil 
may  be  produced  by  cutaneous  irritation  such  as  an  electrical 
stimulus,  or  a  pinch  or  prick  of  the  skin ;  this  is  particularly 
evident  when  a  patient  is  under  complete  anassthesia  from 
chloroform.    The  dilatation  caused  by  mental  emotion,  as  fear, 
anxiety,  and  the  like,  comes  in  this  categoiy,  the  sentient  surface 
being,  in  these  instances,  the  cerebral  cortex.     (d)  Children 
dark  people,  and  myopes  have  usually  larger  pupils  j  elderlj' 
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people,  fair  subjects,  and  hypermetropes  smaller  than  normal. 
A  pupil  of  average  size  is  one  between  3  and  4  ram.  in  dia- 
meter. 

Pathological  variations  in  the  size  of  the  pupil  fall  under 
two  chief  headings— (i.)  Vascular  cluoujt'.-^ ;  and  (ii.)  Didtirbed 
innervat'mi. 

(i.)  If  the  iritic  vessels  are  distended  with  blood,  the  pupil 
will  be  contracted,  as  in  congestion  and  inflammation  of  the  iris  ; 
also  in  plethoric  individuals  from  general  vascular  engorgement. 
If  the  iritic  vessels  are  contracted  and  the  iris  anaemic,  the  pupil 
will  be  dilated,  as  in  chlorotic  and  anasmic  subjects.  Mydriatic 
drugs  act  partly  by  constricting  the  vessels.  The  pupillary  dila- 
tation in  diseases  attended  with  increased  intra-ocular  tension 
may  also  in  part  be  due  to  this  vascular  change. 

(ii.)  Mydriasis  from  disturbance  in  the  nervous  mechanism 
may  be  caused  by  an  irritative  lesion  in  the  cervical  sympathetic 
cord  or  in  the  spinal  cord  involving  the  cilio-spinal  centre.  A 
destructive  lesion  of  the  third  nerve  nucleus,  the  third  nerve 
trunk,  or  the  lenticular  ganglion,  will  cause  dilatation  of  the 
pupil  on  the  same  side  as  the  lesion.  Any  loss  of  continuity  or 
condiTctivity  in  the  afferent  portion  of  the  reflex  arc  will  be 
attended  with  pupillary  dilatation  ;  a  destructive  lesion  involv- 
ing both  nates  will  produce  bilateral  mydriasis  ;  a  lesion  of  one 
optic  tract  will  be  attended  with  the  liemiopic  impil  (p.  513) ;  de- 
struction of  one  optic  nerve  or  any  marked  impairment  of  retinal 
activity,  as  optic  atrophy,  tumour  of  optic  nerve,  retinal  atrophy, 
retinal  detachment,  and  the  like,  will  give  rise  to  loss  of  direct 
light-reflex,  without  interfering  with  the  consensual  light-reflex. 

Mydriatic  drugs  (p.  153)  act  chiefly  by  paralysing  the  ter- 
minal ends  of  the  third  nerve,  also,  in  part,  by  their  direct  action 
on  the  walls  of  blood-vessels,  and,  according  to  those  who  up- 
hold the  existence  of  a  dilatator  pupillee  muscle,  by  direct  stimulus 
to  the  '  radiating  muscle  fibres.'  Cocaine  acts  mainly  by  stimu- 
lating the  sympathetic. 

Direct  paralysis  of  the  sphincter  pupillas  may  be  caused  by 
a  blow  upon  the  eyeball. 

Myosis  may  be  due  to  a  destructive  lesion  of  the  cervical 
sympathetic  cord  or  the  cilio-spinal  centre ;  on  the  other  hand, 
it  may  result  from  an  irritative  lesiou  of  the  centre  or  trunk  of 
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the  third  nerve.  Myosis  is  common  in  pontine  lesions,  in  loco- 
motor ataxy,  and  other  progressive  central  degenerations.  The 
myotic  drugs  (p.  153)  act  by  stimulating  the  peripheral  ends  of 
the  motor  oculi. 

An  hemiopic  pupil  is  one  that,  in  certain  cases  of  hemian- 
opsia, does  not  contract  to  a  strong  light  thrown  upon  the  blind 
half  of  the  retina,  but  reacts  readily  to  a  light  impinged  upon 
the  seeing  half  of  that  membrane.  It  is  a  strong  evidence  in 
favour  of  a  destructive  lesion  involving  the  afferent  portion  of 
the  reflex  arc,  and  so  indicative  of  one  at  or  in  front  of  the  optic 
centre.  If  a  light  thrown  on  the  functionless  half  of  the  retina 
calls  forth  a  ready  pupillary  response,  the  lesion  must  be  beyond 
the  optic  centre,  i.e.  in  the  internal  capsule,  optic  radiation,  or 
cortex  cerebri.  This  symptom  is  obviously  of  diagnostic  value 
only  in  homonymous  hemianopsia  (p.  275).  A  practical  demon- 
stration of  this  phenomenon  is  by  no  means  easy. 

Argyll  Eobertson's  pupil  is  the  phenomenon  often  witnessed 
in  certain  progressive  degenerative  lesions  of  the  spinal  cord  and 
brain,  as  locomotor  ataxy,  general  paralysis  of  the  insane,  and, 
in  rare  instances,  insular  sclerosis.  The  pupil  reacts  to  accom- 
modation, but  not  to  light — reflex  iridoplegia  ;  both  the  direct 
and  consensual  reflexes  are  lost,  unless,  however,  the  pheno- 
menon is  unilateral ;  in  such  a  case  the  pupil  of  the  unaffected 
eye  will  respond  to  the  indirect  stimulus  (Jessoij).^ 

Cycloplegia,  or  paralysis  of  the  ciliary  muscle,  is  found  in 
all  degrees  of  severity.  It  is  usually  associated  with  a  similar 
affection  of  the  sphincter  pupillae,  although  it  is  occasion- 
ally foimd  alone,  as  after  certain  cases  of  diphtheria.  It  is 
usually  seen  in  paralysis  of  the  third  nerve.  There  is  loss  of 
the  power  of  accommodation  (p.  405),  the  pupil  is  generally 
dilated.  Functional  troubles,  similar  to  those  of  presbyopia,  are 
experienced,  and  if  the  eye  happens  to  be  hypermetroj)ic  there 
is  deficiency  in  both  near  and  distant  vision.  On  the  other 
hand,  in  myopia  the  troubles  in  near  vision  are  much  less. 

Loss  of  accommodation  from  senile  changes  (presbyopia),  and 
paralysis  from  the  use  of  therapeutic  agents  such  as  atropine, 
homatropine,  duboisine,  hyoscyamine,  &c.,  will  be  found  treated 
of  in  the  chapter  on  Eefraction. 

'  Tra7is.  OjMJi.  Soo.  xi.  179- 


THE  'DISEASES  OF  THE  ORBIT. 


CHAPTER  XVI. 

THE  DISEASES  OF  THE  ORBIT. 

CBLLULITIS-ABSCESS-PERIOSTITIS-CARIES-GEDBMA- THROMBOSIS  OP 
CAVERNOUS  SINUS  — EMPHYSEMA— DISTENSION  OP  FRONTAL  SINUS  — 
MENINGOCELE— EXOPHTHALMIC  GOITRE— TUMOURS— LIPOMA- FIBROMA 
—CYSTS— BXOSTOSES—SAECOMA  — SCHIRRHUS  AND  SOFT  CANCER- 
PULSATING  EXOPHTHALMOS— ERECTILE  OR  CAVERNOUS  TUMOUR  — 
INJURIES  AND  FOREIGN  BODIES. 

Cellulitis,  or  inflammation  of  the  loose  tissues  of  the  orbit,  may 
arise  spontaneously,  or  may  come  on  in  the  course  of  an  attack 
of  erysipelas. 

In  the  milder  cases  the  inflammation  is  localised ;  there  are 
redness  and  oedema  of  the  upper  lid,  and  the  conjunctiva  is 
generally  raised  up  by  fluid  either  over  its  whole  extent,  or  over 
a  limited  area.  If  the  inflammation  extends  deeply  into  the 
orbit,  the  globe  is  rendered  prominent,  and.  in  most  cases,  the 
movements  of  the  globe  are  painful. 

In  the  severer  forms  the  symptoms  are  all  more  marked. 
The  inflammation  may  be  ushered  in  with  a  rigor  and  a  rise 
of  temperature;  there  may  be  pain,  swelling,  and  a  dusky 
appearance  of  the  upper  lid  ;  the  globe  is  pushed  forwards — 
froptosis ;  the  conjunctiva  is  congested,  and  there  may  be 
considerable  chemosis.  The  movements  of  the  eye  are  limited, 
and  there  is  consequent  diplopia.  From  the  difiuseness  of  the 
inflammation  all  the  extra-ocular  muscles,  with  the  exception  of 
the  inferior  oblique,  are  pressed  upon  and  their  action  impaired, 
the  eye  is  usually  turned  upwards  and  outwards  in  the  direction 
of  the  action  of  the  inferior  oblique  muscle,  and  attended  with 
crossed  diplopia,  the  false  image  being  below  the  level  of  the 
true.  Partial  ptosis  from  impaired  action  of  the  levator 
palpebrse  muscle  is  not  uncommon.    Visual  acuteness  may 
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"be  much  interfered  with,  and  the  globe  may  be  involved' in  the 
inflammatory  process.  On  digital  examination  between  the 
upper  part  of  the  globe  and  the  ox-bital  ridge,  the  tissues  beneath 
iire  found  to  be  tense,  firm,  and  painful  on  pressure ;  in  some  cases 
semifluctuation  can  be  felt.  There  is  intense  deep-seated  throb- 
bing pain. 

The  causes  of  this  affection  are  various,  and  frequently 
obscure.  It  often  follows  erysipelas  of  the  face ;  other  causes 
are  injury,  septicasmia,  inflammation  of  the  lachrymal  gland, 
periostitis. 

Prognosis  and  treatment. — The  milder  forms  are  not  dan- 
gerous ;  they  usually  subside  by  the  use  of  hot  fomentations 
•€very  few  hours,  combined  with  dry  warmth  by  means  of  cotton 
wool  in  the  intervals,  and  general  tonic  treatment.  The 
.severer  forms  nearly  always  lead  to  suppuration.  As  soon  as 
this  is  suspected  to  have  taken  place,  exploratory  incisions 
should  be  promptly  made ;  for  this  purpose  a  shai'p  scalpel 
should  be  passed  either  through  the  upper  lid  near  the  edge 
of  the  orbit,  or  through  the  conjixnctiva  above  and  on  each  side 
•of  the  globe,  and  then  plunged  deeply  into  the  orbit,  its  point 
being  directed  away  from  the  globe.  Hot  fomentations  and 
poultices  should  also  be  employed.  Erysipelas  should  be  treated 
by  a  mercurial  pui-ge  at  the  onset,  followed  by  perchloride  of 
iron,  given  along  with  diaphoretics. 

Acute  abscess  of  the  orbit  is  a  most  serious  affection,  not 
•only  because  it  imperils  the  e\  e,  but  because  a  fatal  termina- 
tion is  by  no  means  rare.  It  generally  commences  with  the 
symptoms  of  acute  cellulitis  ;  in  a  few  days  these  become  more 
pronounced,  the  pain  becomes  very  severe,  the  globe  more 
prominent,  and  fluctuation  may  be  detected.  The  absence  of 
this  latter  symptom,  however,  must  not  cause  any  delay  in 
making  an  incision  if  the  other  symptoms  are  sufficiently 
urgent ;  for  if  suppuration  is  present,  and  the  pus  find  no  exit, 
it  burrows  among  the  ocular  muscles,  and  may  lead  to  their 
permanent  destruction.  The  tissue  of  the  optic  nerve  may  also 
become  involved,  or  the  inflammation  may  spread  through  the 
■orbital  plate  of  the  frontal  bone  to  the  meninges  of  the  brain 
•or  by  the  orbital  veins  to  the  cavernous  sinus.  ' 

Chronic  abscess  presents  less  marked  symptoms,  and  is 
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sometimes  difficalt  to  diagnose  from  a  soft  orbital  tumour 
which,  owing  to  its  elasticity,  may  appear  to  be  semifluctuant' 
Pam  may  be  slight,  or  altogether  absent.  There  is  usually 
some  tenderness  on  pressure.  The  subconjunctival  tissue  is 
congested  and  swollen ;  there  may  be  considerable  proptosis  and 
lateral  displacement.  A  history  of  some  injury  at  a  distant 
period  will  sometimes  help  in  the  diagnosis,  and  an  exploratory 
incision  into  the  semifluctuant  region  will  often  give  exit  to 
purulent  matter. 

Acute  periostitis  presents  the  same  symptoms  as  acute 
abscess  of  the  orbit;  indeed,  pus  very  rapidly  forms  beneath 
the  periosteum,  dissecting  it  from  the  bone,  causing  the  death 
of  the  latter,  and  not  unfrequently  leading  to  the  formation  of 
an  abscess  in  the  anterior  lobe  of  the  brain,  or  to  meningitis. 

Treatment  consists  in  making  an  early  and  free  incision 
down  to  the  bone.  The  inflammation  is  of  a  low  erysipelatous 
type,  and  antiphlogistic  measures  are  not  well  borne.  A  careful 
watch  must  be  kept  for  the  onset  of  cerebral  symptoms. 

Chronic  periostitis  is  usually  the  result  of  syphilis,  rheu- 
matism, or  scrofula.  The  pain  is  of  a  dull  aching  character, 
and  is  worse  at  night.  When  it  afiects  the  margin  of  the 
orbit  there  are  oedema  of  the  eyelid  and  tenderness  on  pressure. 
When  deeply  seated  there  is  frequently  paralysis  of  one  or 
more  of  the  ocular  muscles,  and  sometimes  prominence  of  the 
eyeball. 

A  gumma  of  the  periosteum  is  not  uncommon  at  the  outer 
angle  of  the  orbit.  Diplopia  from  pressure  on  the  globe  is  a 
frequent  symptom.  It  readily  yields  under  antisyphilitic  treat- 
ment, a  valuable  aid  in  the  diaarnosis. 

The  treatment  consists  in  giving  full  doses  of  iodide  of 
potassium,  and  counter-irritation  is  sometimes  useful.  In 
scrofulous  cases  it  is  nearly  always  the  margin  of  the  orbit  that 
is  aifected ;  the  treatment  must  then  of  course  be  directed  to  the 
general  disease. 

(Edema  of  the  orbital  cellular  tissue  with  exophthalmos 
occasionally  occurs,  and  usually  indicates  deep-seated  trouble 
in  the  circulation  of  the  ophthalmic  vein.  This  condition  may 
be  brought  about  by  any  pressure  upon  the  vein  in  its  passage 
through  the  sphenoidal  fissure,  such  as  often  takes  place  in 
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the  case  of  periostitis,  tumours  of  the  optic  nerve,  and  such 
like,  and  is  then  only  a  sign  of  embarrassed  circulation ;  but 
when,  in  addition  to  these  signs,  we  find  the  pupil  widely  dilated, 
the  globe  quite  immovable,  and  that  cerebral  symptoms  are 
becoming  manifest,  the  case  is  much  more  serious,  and  is 
indicative  of  thrombosis  of  the  cavernous  sinus. 

Thrombosis  of  the  cavernous  sinus. — Though  not  in  itself  a 
disease  of  the  orbit,  yet  so  many  orbital  signs  and  symptoms 
occur  as  to  justify  its  description  under  the  title  of  this  chapter. 

It  is  a  rare  and  most  fatal  affection,  characterised  by  certain 
nervous  and  vascular  disturbances  within  the  orbit,  which  are 
attended  by  variable  signs,  subjective  and  objective.  There  is 
always  a  certain  amount  of  i^roptosis,  varying  from  slight  pro- 
minence of  the  eyeball  to  a  most  pronounced  exophthalmos  ; 
paralysis  of  one  or  more  of  the  ocular  muscles  from  pressure 
on  their  nerves  while  traversing  the  wall  of  the  sinus  ;  frontal 
neuralgia  or  aoicesthesia  along  the  course  of  the  supra-orbital, 
■supra-trochlear,  and  nasal  nerves;  possibly  anesthesia  of  the 
cornea,  which  may  suffer  from  defective  nutrition  ;  oedema  of  the 
cellular  tissue  of  the  orbit  or  upper  eyelid  with  distension  of 
the  frontal  veins ;  the  latter  may  not  exist.  Papillitis  is  not 
present  in  all  cases,  as  one  would  expect  if  Von  Graefe's  theory 
were  true.  The  thrombosis  of  one  sinus  usually  spreads  by 
means  of  the  sinus  circularis  to  the  cavernous  sinus  of  the 
opposite  side,  with  the  development  of  similar  signs  on  that 
side.  Complete  ophthalmoplegia  externa  may  ultimately  ensue. 
The  cause  is  usually  some  injury,  as  fractured  base,  or  meningitis 
•secondary  to  otitis  media,  abscess  of  the  orbit,  &c.  In  some 
■cases  it  is  difficult  to  discover  any  cause.  The  prognosis  is 
unfavourable  ;  most  cases  terminate  fatally. 

Emphysema,  or  the  infiltration  of  air  into  the  cellular  tissues 
of  the  orbit,  may  be  caused  by  rupture  of  the  ethmoidal  cells, 
or  of  the  lachrymal  sac.  It  may  give  rise  to  considerable 
proptosis,  with  swelling  of  the  conjunctiva  and  eyelids.  The 
•swelling  is  increased  when  the  patient  makes  a  forcible  expira- 
tion with  the  anterior  nares  closed,  as  in  blowing  the  nose.  It 
is  characterised  by  a  crackling  sensation  on  digital  examination, 
and  can  be  reduced  by  firm  pressure  exercised  over  several  days! 

Distension  of  the  frontal  sinus— the  result  of  pent-up  secretion 
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or  pus— sometimes  presents  characters  similar  to  those  of 
orbital  tumour.  It  is  usually  the  result  of  an  injury  such 
as  a  blow  upon  the  forehead,  although  a  long  period  usually 
elapses  before  the  appearance  of  the  swelling ;  not  unfrequently 
It  comes  on  in  children  after  measles  or  whooping-cough.  The 
swelling  first  appears  at  the  upper  part  of  the  inner  angle  of 
the  orbit.  At  first  it  is  hard,  but  after  a  time  it  may  become 
soft  and.  fluctuating.  The  skin  is  freely  movable  over  the 
tumour.  It  is  usually  slow  in  progress,  but  is  liable  at  any 
time  to  take  on  acute  suppuration.  Before  the  bony  wall  has 
become  absorbed,  it  may  easily  be  mistaken  for  an  exostosis,, 
but  it  rises  more  gradually  from  the  level  of  the  adjacent  bone' 
and,  by  firm  pressure,  some  elastic  yielding  can  usually  be 
detected.  In  severe  cases,  the  swelling  is  so  extensive  as  to- 
push  the  eyeball  downwards  and  outwards. 

Treatment  consists  in  making  an  opening  into  •  the  nose  to 
replace  the  normal  exit  afforded  by  the  infundibulum.  For  this 
purpose,  a  free  incision  is  made  into  the  prominent  part  of  the 
tumour,  through  which  a  trocar  is  made  to  pass  into  the  nose. 
A  fine  drainage-tube  is  then  passed  through  the  hole  and  out  at 
the  nostril,  and  there  retained"  for  some  time.  The  cavity  may 
also  be  syringed  out  occasionally  with  tepid  carbolised  water. 
Treated  in  this  way,  the  swelling  generally  recedes,  and  the- 
parts  are  sometimes  restored  to  their  normal  dimensions. 

Meningocele. — Owing  to  defective  development  of  the  upper 
and  inner  angle  of  the  fore  part  of  the  bony  orbit,  the  meninges 
may  protrude  and  give  rise  to  a  hemispherical  tumour  in  this- 
region,  which  might  possibly  be  mistaken  for  a  dermoid  growth,, 
sebaceous  cyst,  or  n^vus.  It  is  usually  a  tense  elastic  swelling 
which  pulsates  synchronously  with  the  heart-beat,  and  exists- 
from  birth.  It  can  be  reduced  almost  entirely  by  firm  and  steady 
pressure,  and  after  its  reduction  the  deficiency  can  be  readily 
made  out  in  the  bony  angle.  There  is  an  absence  of  half  of  the 
nasal  process  of  the  frontal  bone  and  the  adjacent  part  of  the 
orbital  ridge.  A  sebaceous  cyst  can  readily  be  excluded  in  the 
diagnosis,  for  it  is  not  congenital,  not  pulsatile,  and  cannot  be 
reduced.  Both  a  nsevus  and  dermoid  cyst  are  congenital,  liable 
to  occur  in  this  situation,  and  may  really  or  apparently  be  re- 
duced.   The  absence  of  any  bony  defect  upon  reducing  the 
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former  and  upon  disiilacing  the  latter,  besides  the  absence  of 
pulsation,  as  well  as  other  clinical  features,  are  sufficient  points 
to  prevent  any  diagnostic  error. 

Exophthalmic  goitre  (Graves's  disease ;  Basedow's  disease) 
is  the  term  applied  to  a  group  of  symptoms  of  which  the  chief 
are :  (1)  Paroxysmal  cardial  palpitation,  with  throbbing  of  the 
vessels  of  the  neck ;  (2)  enlargement  of  the  thyroid  body ; 
and  (3)  prominence  of  the  eyes.  It  may,  however,  exist  in  the 
absence  of  proptosis  on  the  one  hand,  or  an  enlarged  thyroid 
on  the  other.  It  is  usually  ushered  in  by  fits  of  caprice  or 
irritability  of  temper  ;  then  come  attacks  of  palpitation  which 
are  often  very  violent,  and  are  accompanied  by  a  sense  of 
sufibcation,  throbbing  of  the  cervical  vessels,  and  flushing 
of  the  face.  By-and-by  the  throbbing  of  the  neck  becomes 
more  or  less  permanent,  and  the  thyroid  gland  is  enlarged ; 
this  is  from  extreme  vascularisation ;  the  arteries  carrying 
blood  to  the  gland  become  larger,  and  the  gland  appears  to  be 
lifted  en  masse  at  each  pulsation.  The  arteries  within  the  gland 
become  increased  in  size  and  number,  and  the  veins  convey 
arterial  blood,  so  that  the  structure  resembles  a  cirsoid  aneur- 
ism ;  indeed,  the  elasticity  and  pulsation,  together  with  the 
existence  of  blowing  murmurs,  have  caused  experienced  ob- 
servers to  mistake  this  condition  for  aneurism. 

The  enlargement  usually  begins,  and  is  generally  larger,  on 
the  right  side.  Hypertrophy  of  the  connective  tissue  may  or 
may  not  follow.  Cystic  bronchocele  is  a  more  rare  accompani- 
ment, and  is  probably  a  mere  coincidence. 

The  eyes  begin  to  look  prominent  at  the  same  time,  or  a 
little  earlier  than  the  thyroid  enlargement ;  they  have  a  shining 
appearance  which,  with  the  prominence,  gives  a  peculiar  fright- 
ened expression  to  the  face.  The  proptosis  is  usually  progres- 
sive, though  stationary  periods  occur ;  it  is  generally  equal  on 
both  sides,  and  there  is  no  strabismus.  The  retina  is  not  appreci- 
ably altered.    Vision  is  usually  normal. 

Besides  the  proptosis,  there  are  four  other  eye-signs  which 
occur  in  this  disease,  all  of  which  may  be  attributed  to  spasm  of 
the  muscle  of  Miiller  (see  p,  4),    They  are  as  follows  : 

{a)  Von  Qraefe's  lid-sign.— The  upper  eyelid  as  a  rule  moves 
downwards  pari  joassu  with  the  eyeball,  the  relationship  between 
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the  hd  and  cornea  remaining  unaltered.  In  this  disease,  how- 
ever, the  lid  does  not  move  down  so  quickly  as  the  eyeball,  and 
even  while  moving  down  will  often  be  suddenly  and  spasmodic- 
ally raised,  exposing  a  wide  margin  of  sclera.  Fig.  200  repre- 
sents a  photograph  of  a  patient  who  suffered  from  this  affection, 
and  shows  the  exposed  sclerotic  coat  in  each  eye.  Fig.  201  is 
a  case  of  monolateral  Graefe's  lid-sign  occurring  in  Graves's 
disease. 

(6)  8tellwag's  sign  is  also  a  peculiar  feature  in  this  complaint. 


Fig.  200.— Bilateral  Graefe's 
Lid-sign. 


Fig.  20L— Monolateral  Graefe's 
Lid-sign. 


There  is  a  loss  of  the  natural  involuntary  closure  of  the  eyes 
(blinUng).  These  blinking  movements,  if  performed,  are  done 
consciously  by  voluntary  effort ;  they  are  less  frequent  and  may 
be  in  abeyance  for  some  time,  causing  exposure  of  the  cornea 
with  desiccation  of  its  epithelium. 

(c)  Dalrymjjle's  sign,  or  undue  widening  of  the  palpebral 
aperture.  This  is  often  very  marked,  and  gives  to  the  eyes  an 
appearance  of  staring.  When  one  eye  only  is  affected  this  sign 
is  clearly  observed.  It  may  give  rise  to  apparent  proptosis  when 
no  real  proptosis  exists. 
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{(1)  Besides  these  phenomena,  there  is  an  increase  in  depth 
of  the  orbito^alpehral  fold  or  i<ulcus,  due  undoubtedly  to  the 
same  cause. 

It  must  be  carefully  borne  in  mind  that  the  eyes  themselves 
are  not  enlarged,  but  are  simply  pushed  forwards  by  the  vas- 
cular distension  of  the  fatty  connective  tissue  at  the  back  of  the 
orbit.  There  is  a  venous  stasis  of  this  tissue,  causing  it  to  be- 
come turgid  like  erectile  tissue — a  simile  which  Graves  himself 
used.  The  eyeballs  usually  recede  post  mortem.  True  hyper- 
trophy of  the  retrobulbar  tissue  is,  however,  sometimes  found. 

^Sleeplessness  is  a  common  symptom,  especially  early  in  the 
case.  A  more  or  less  permanent  febrile  condition  is  sometimes 
observed  (Frissier,  Basedow).  The  appetite  may  fail,  or  may  be 
greater  than  in  health.  Vomiting  is  common,  and  the  patient 
grows  thin  even  when  the  appetite  is  good.  Diarrhoea  is  common, 
and  usually  alternates  with  constipation.  In  women  there  is 
generally  amenorrhoea,  usually  accompanied  by  profuse  leucor- 
rlioea.  Stokes  thought  the  whole  disease  due  to  antemia,  but 
cases  have  occurred  without  any  anemia  (Frissier). 

Etiology  and  patJwlogy. — The  disease  is  far  commoner  among 
women,  and  Trousseau  states  that  out  of  fifty  cases  collected 
by  Withuisen,  only  eight  occurred  in  men.  The  age  is  most 
commonly  from  twenty  to  twenty-five,  or  a  few  years  earlier, 
but  the  disease  is  rare  in  advanced  life. 

The  patients  are  usually  nervous  subjects.  Several  cases 
iave  been  traced  to  fright  or  grief,  but  as  a  rule  no  cause  can 
be  assigned.  Trousseau  and  many  others  ascribe  the  disease 
to  derangement  of  the  cervical  sympathetic  nerves  and  ganglia, 
especially  the  inferior  cervical  ganglia ;  hence  paresis  of  the 
vaso-motor  system,  and  consequent  dilatation  of  the  vessels.  In 
various  autopsies  the  above  ganglia  have  been  found  diseased, 
showing  hypertrophy  of  the  interstitial  connective  tissue,  and 
atrophy  of  the  nervous  elements.  But  other  most  careful  ob- 
.servers  (Ranvier,  Wilks,  Dejerine,  Cheadle)  have  failed  to  find 
any  abnormal  appearances  in  the  sympathetic.  Four  signs  have 
been  attributed  to  a  spasmodic  action  of  the  muscle  of  Miiller 
for  the  following  reasons  :  in  paralysis  of  that  muscle  there  is 
slight  ptosis  or  narrowing  of  the  palpebral  fissure  with  loss  of 
the  natural  orbito-palpebral  fold,  though  upon  looking  upwards 
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tlie  sulcus  appears  again  from  the  action  of  the  levator  palpebral 
muscle,  which  has  a  cutaneous  attachment.  It  is,  I  presume, 
through  the  connection  that  the  muscle  of  Muller  has  with  the- 
tendon  of  the  levator  palpebras  that  this  fold  or  sulcus  exists 
in  health  in  the  primary  position  without  voluntary  effort. 
If  cocaine  be  instilled  into  the  palpebral  sac  all  the  above 
signs  can  be  produced.  We  have  sufficient  proof  that  cocaine 
stimulates  unstriped  muscular  tissue  by  its  heemostatic  action, 
by  its  bleaching  an  injected  conjunctiva,  and  above  all  by  its 
power  of  dilating  the  pupil.  This  dilatation  of  the  pupil  is 
caused  by  the  contraction  of  the  unstriped  muscular  fibres  in 
the  walls  of  the  iritic  vessels ;  they  differ  in  one  respect  from 
those  in  other  vessels,  for  they  mainly  run  parallel  to  the  long 
axis  of  the  vessel.  These  fibres  are  functionally  the  hypo- 
thetical dilatator  pupill^.  From  these  facts  I  conclude  that 
cocaine  stimulates  the  muscle  of  Muller  and  not  the  levator 
palpebrae  muscle,  for  there  is  no  evidence  that  it  stimulates 
voluntary  muscular  tissue.  I  feel  equally  convinced  that  this 
Miillerian  muscle  is  in  a  state  of  tonic  contraction  in  Graves's, 
disease,  since  the  signs  are  identical;  though  Dr.  Sharkey 
considers  that  these  signs  are  due  to  a  weakness  of  the  orbicu- 
laris palpebrarum  muscle,  I  have  not  noticed  any  weakness  in 
this  or  any  of  tbe  other  facial  muscles.  It  is  clear,  therefore,, 
that  this  disease  cannot  be  due  to  a  lesion  of  the  cervical  sym- 
pathetic cord,  for  there  exist  evidences  of  both  irritation  and 
destruction  at  the  same  time.  If  the  irritation  were  premonitory 
to  paralysis,  the  spasm  of  Miiller's  muscle  would  be-  a  transient 
sign  and  associated  with  temporary  contraction  of  the  pupil,  but 
such  is  not  the  case.  Dr.  Cheadle,  in  an  interesting  case  de- 
scribed in  the  '  St.  George's  Hospital  Eeports,'  found  consider- 
able capillary  dilatation  in  the  medulla  oblongata  and  upper- 
part  of  the  spinal  cord,  but  without  atrophy  or  cellular  lesions, 
showing  thus  simply  increased  vascularisaiion.  No  lesions  were- 
found  elsewhere,  either  in  the  viscera  or  in  the  cervical  sym- 
pathetic. The  pneumogastric  nerve  is  certainly  implicated,  as- 
shown  by  the  disturbances  of  the  digestive  tract,  and  the  palpi- 
tation of  the  heart.  The  singular  nervous  sensibility,  which  is 
so  early  and  constant  a  symptom,  and  which  in  some  cases  has. 
even  gone  on  to  mania  after  the  cure  of  both  the  exophthalmos  and 
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the  goitre,-  would  seem  to  point  to  the  brain  itself  as  the  initial 
seat  of  the  disease. 

Treatment. — The  avoidance  of  mental  emotion  is  very  im- 
portant. Digitalis  is  lauded  by  Trousseau,  together  with  the 
application  of  ice  to  the  prascordium  and  the  thyroid  body. 
Bromide  of  potassium  is  useful,  and  so  are  opium  and  chloral. 
Belladonna,  which  theoretically  would  be  bad,  is  practically 
found  to  be  of  great  benefit.  Veratrum  viride  carefully  given 
is  much  praised  by  Aran  and  See,  as  making  the  pulse  slower 
without  increasing  the  arterial  tension  as  digitalis  does. 

Iron  has  been  found  harmful.  The  galvanic  and  faradic 
currents  have  been  found  to  be  beneficial  in  many  cases. 

Tumours  of  all  kinds  are  found  in  the  orbit;  they  may 
originate  within  the  tissues  of  the  cavity,  they  may  commence 
within  the  eye  and  thence  extend  to  the  orbit,  or  they  may 
invade  that  cavity  from  surrounding  parts,  as  the  nose,  the 
palate,  the  antrum,  the  skull,  or  the  temporal  fossa.  Orbital 
tumours  may  be  non-malignant  and  of  slow  growth,  as  the 
cystic,  the  fibrous,  and  the  fatty  kinds ;  they  may  be  malignant 
and  more  or  less  rapid  in  progress,  as  the  sarcomata  and  car- 
cinomata,  or  they  may  be  pulsating,  as  the  vascular  tumours. 

Symptoms. — The  presence  of  a  tumour  of  any  notable 
magnitude  always  gives  rise  to  protrusion  of  the  globe  (pro- 
ptosis).  When  the  tumour  is  deeply  seated,  and  at  the  apex  of 
the  orbit,  this  is  usually  one  of  the  first  signs  of  its  existence ; 
when  situated  at  one  side  of  the  orbit  it  usually  causes  lateral 
as  well  as  forward  displacement.  In  proportion  to  the  increase 
of  the  tumour,  so  does .  the  globe  become  displaced,  until  in 
severe  cases  it  is  protruded  beyond  the  palpebral  aperture. 
Functional  troubles  are,  also,  always  present,  and  will  vary 
according  to  the  position  and  size  of  the  swelling ;  when  the 
cranial  nerves  are  pressed  upon,  pain  will  be  severe,  and  the 
movements  of  the  globe  impeded;  should  the  optic  nerve  be 
involved,  its  function  will  be  interfered  with,  and  the  vision 
partly  or  entirely  destroyed ;  with  lateral  deviation,  where 
vision  remains,  diplopia  is  always  produced.  Pressure  upon 
the  ophthalmic  vein  is  likely  to  set  up  oedema  of  the  orbital 
tissues.  Proptosis  is  not  always  easy  to  make  out ;  it  may 
be  mistaken  for  enlargement  of  the  globe  such  as  is  sometimes 
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found  in  progressive  myopia  and  secondary  glaucoma.  In  such 
cases,  if  the  upper  lid  is  elevated  ,  by  the  surgeon's  finger,  and 
the  patient  told  to  look  downwards,  the  antero-posterior  elon- 
gation of  the  globe  will  be  at  once  detected. 

After  a  time,  the  tumour  becomes  apparent  at  some  part 
of  the  margin  of  the  orbit,  and  can  then  be  examined  by 
palpation,  by  auscultation,  and,  if  necessary,  by  exploratory 
punctures.  Whenever  an  orbital  tumour  is  found  to  exist,  the 
condition  of  all  surrounding  regions,  as  the  mouth,  pharynx, 
and  nasal  cavities,  should  be  carefully  examined. 

Neuroma,  Lipoma,  and  Fibroma  are  extremely  rare  in  the 
orbit ;  a  few  cases,  however,  are  recorded. 

Cysts  occurring  in  the  orbit  are  not  uncommon  ;  they  are 
usually  either  dermoid  (see  p.  11)  or  hydatid. 

Hydatid  cysts  within  the  orbit  are  also  very  rare,  but  may  be 
a  cause  of  proptosis  ;  the  signs  in  such  a  case  would  simulate 
retrobulbar  new-growths,  as  a  sarcoma  of  the  optic  nerve  &c 
They  can  only  be  correctly  diagnosed  by  finding  upon  aspira- 
tion a  clear  non-albuminous  neutral  saline  fluid  containing  the 
characteristic  booklets.  It  is  most  advisable  to  make  an  ex- 
ploratory incision  and  aspirate  a  doubtful  orbital  tumour  before 
removing  the  orbital  contents  on  the  assumption  that  it  is  a 
sarcoma.  Suppuration  may  occur  in  these  orbital  cysts  as  in 
those  in  other  parts  of  the  body.  The  treatment  consists  in 
opening  and  evacuating  the  cyst  and  washing  out  the  cavity 
with  a  strong  antiseptic  solution. 

Exostoses  of  the  orbit  are  similar  to  those  occurring  in  other 
parts  of  the  body.  They  are  usually  of  the  ivory  variety,  and 
attached  by  a  broad  base ;  in  such  cases  it  is  impossible  to 
remove  them.  Occasionally,  however,  they  are  pedunculated, 
and  may  then  be  sawn  and  wrenched  olF.  Such  operations  are, 
however,  not  altogether  free  from  risk  when,  as  is  usually  the 
case,  the  growth  is  attached  to  the  roof  of  the  orbit ;  for  a  portion 
of  the  latter  may  easily  be  torn  away,  and  a  fatal  meningitis 
set  up. 

More  rarely  exostoses  are  met  with  which  contain  large 
cystic  cavities  communicating  with  each  other ;  this  variety 
sometimes  attains  enormous  dimensions. 

Exostoses  of  the  orbit  are  slow  in  develojDment,  and  painless 
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in  progress,  producing  in  succession  all  tlie  symptoms  that 
have  been  above  enumerated  as  characteristic  of  intra-orbital 
tumour. 

Sarcoma  is  the  most  frequent  of  the  new-growths  affecting 
the  orbit.  It  may  occur  by  extension  from  the  choroid  (p.  19G), 
or  it  may  first  appear  in  the  cellular  tissue  of  the  orbit.  Its 
rate  of  progress  is  very  variable ;  when  it  develops  rapidly 
the  tumour  presents  but  little  pigmentation,  whilst  the  slow- 
growing  sarcomata  are  usually  dark  in  colour,  and  are  some- 
times quite  black. 

The  treatment  consists  in  the  early  and  complete  removal 
of  the  diseased  tissues.  When  the  tumour  is  small,  circum- 
scribed, and  near  the  surface,  it  can  occasionally  be  removed 
without  molesting  the  globe  of  the  eye.  To  facilitate  this,  the 
palpebral  opening  may  be  enlarged  by  dividing  the  lids  at  the 
outer  canthus,  and  then  dissecting  in  the  direction  of  the 
tumour;  which,  when  exposed,  may  be  seized  with  vulsellum 
forceps  and  cleared  from  its  surroundings  by  means  of  a  steel 
director,  or  by  strong,  curved,  blunt-ended  scissors,  and  then 
cut  or  torn  away. 

Sometimes  a  small  orbital  tumour  can  be  removed  bv  an 
incision  through  the  skin  at  the  margin  of  the  orbit  without 
interfering  with  the  conjunctival  sac. 

When  the  tumour  or  new-growth  is  extensive,  and  involves 
the  tissues  of  the  orbit,  or  has  recurred  after  removal,  it  is 
necessary  to  take  away  the  globe  and  the  whole  of  the  orbital 
contents.  To  efiect  this,  the  external  canthus  must  be  divided 
up  to  the  edge  of  the  orbit,  the  conjunctiva  separated  by 
incision  through  the  whole  extent  of  "the  upper  and  lower 
culs-de-sac.  The  eyelids  are  then  seized  with  forceps  or  re- 
tractors, and  drawn  upwards  and  downwards  by  an  assistant. 
The  globe  can  now  be  enucleated  before  taking  out  the  tumour, 
or  the  whole  mass,  including  the  eye,  can  be  seized  with  vul- 
sellum forceps  and  pulled  forwards,  while  it  is  detached  from 
the  walls  of  the  orbit  with  strong  blunt-ended,  curved  scissors 
Having  thns  removed  the  greater  part  of  the  tumour,  careful 
digital  examination  must  be  made,  and  any  further  portions  of 
tissue  which  appear  to  be  diseased  removed.  Ha?morrhage  is 
usually  copious,  but  generally  ceases  after  pressure  with  sponges 
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or  pledgets  of  cotton  wool.  ■  If  it  cannot  be"  controlled  by  these 
means,  a  button-shaped  thermal  cautery  at  a  dull-red  heat  may 
be  used,  or  the  strong  perchloride-of-iron  solution  may  be 
applied. 

When  the  tumour  is  suspected  to  be  sarcoma  or  carcinoma, 
it  is  well  to  supplement  the  extirpation  by  chloride  of  zinc 
paste  (F.  6  )  ;  small  strips  of  lint  about  half  an  inch  wide  and 
two  inches  long  are  covered  with  this  and  placed  inside  the 
orbit  over  the  exposed  surface.  These  are  then  covered  with 
layers  of  cotton  wool;  the  eyelids  must  be  protected  with 
vaseline ;  otherwise,  sloughing  is  sure  to  take  place.  The  lids 
are  then  closed  over  the  wool,  and  covered  with  a  tight  com- 
press to  prevent  further  htemorrhage.  A  hypodermic  injection 
of  morphia  should  be  given  before  the  patient  recovers  from 
the  ansesthetic  ;  otherwise,  the  j)ain  from  the  chloride  of  zinc  is 
excruciating. 

Scirrhus  and  soft  cancer  occur  in  the  orbit  either  primarily 
or  by  extension  from  surrounding  parts. 

The  treatment  consists  in  complete  removal  of  the  diseased 
tissues,  and  in  the  application  of  the  caustic  paste  (F.  6)  to 
the  exposed  surface. 

Pulsating  exophthalmos. — Cases  are  occasionally  met  with 
in  which  the  globe  becomes  protruded  at  the  same  time  that  a 
soft  pulsating  swelling,  with  aneurismal  bruit  and  thrill,  appears 
at  the  upper  and  inner  angle  of  the  orbit. 

The  history  usually  given  is  either  that  the  patient  has 
suddenly  heard  a  loud  snap,  and  that  this  has  been  succeeded 
by  an  intermittent  buzzing  or  blowing  noise,  and  soon  after- 
wards by  the  pulsating  swelling ;  or  that  the  symptoms  have 
come  on  veiy  shortly  after  a  severe  injury  to  the  head.  In 
the  majority  of  these  symptoms  of  fracture  of  the  base  have 
been  present. 

In  a  third  class  of  cases,  a  perforating  wound  either  in  the 
orbit  or  the  roof  of  the  mouth  has  been  the  immediate  cause. 

In  the  earlier  cases  the  symptoms  were  supposed  to  be  due 
to  intra-orbital  aneurism — -an  opinion  which  was  strengthened 
by  the  discovery  of  such  aneurisms  in  two  cases  by  Guthrie 
and  Carron  du  Villards.  Later  autopsies  have  proved  that,  at 
any  rate  in  the  majority  of  cases,  the  pulsating  swelling  in  the 
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/orbit  is  formed,  not  by  the  ophthalmic  artery;  but  by  the 
varicose  and  distended  ophthalmic  vein,  and  that  this  distension 
•can  be  traced  back  to  the  cavernous  sinus,  between  which  and 
the  internal  carotid  artery  a  communication  often  exists.  This 
<irterio-venous  communication  may  be  brought  about  by  the 
giving  way  of  an  atheromatous  patch,'  by  the  rupture  of  an 
-aneurism  in  the  sinus,^  by  a  fracture  of  the  base  passing  across 
the  sinus,^  or  by  a  wound.  Thus  in  one  of  Nelaton's  cases, ^  the 
rib  of  an  umbrella  thrust  into  the  right  orbit  passed  through 
the  body  of  the  sphenoid  and  wounded  the  left  carotid  artery 
•as  it  lay  in  the  sinus ;  the  injury  was  shortly  followed  by 
pulsating  exoiDhthalmos  on  the  left  side. 

In  Schaefke's  case  the  artery  was  wounded  by  a  pistol-shot 
fired  into  the  mouth. 

In  a  few  cases  both  orbits  have  been  aflFected ;  this  occurred 
in  a  case  published  by  Mr.  W.  Adams  Frost :  ^  the  patient  at 
the  time  of  observation  was  thirty-eight  years  old.  When  ten 
years  of  age  he  had  been  run  over  by  a  timber-waggon.  He 
had  symptoms  of  fracture  of  the  base,  and  the  characteristic 
symptoms  of  pulsating  exophthalmos  appeared  in  the  left  orbit 
^nd  had  persisted  ever  since ;  shortly  before  he  came  under 
observation  a  small  pulsating  swelling  appeared  in  the  right 
■orbit. 

In  a  few  cases  the  symptoms  have  been  due  to  a  malignant 
tumour  in  the  orbit. 

Treatment  and  prognosis. — Ligature  of  the  common  carotid 
•artery  has  been  extensively  employed,  and  with  a  fair  amount  of 
:success ;  other  measures,  such  as  rest,  low  diet,  application  of 
ice,  galvano-puncture,  and  the  injection  of  styptics,  have  also 
been  successful  in  some  cases.  The  affection,  however,  tends, 
after  having  reached  a  certain  stage,  to  become  stationary,  and 
not  unfrequently  undergoes  spontaneous  cure ;  so  that  unless  the 
noise  in  the  head  were  distressing,  or  the  increase  in  the  size  of 
the  swelling  rendered  its  rupture  probable,  a  prudent  surgeon 

'  Hirschfeld,  Gaz.  des  Hopit.  1859,  p.  57. 
2  Baron,  Med.  GUr.  Trans,  xlviii. ;  Nunneley,  lUd.  xlii. 
Paris^Wo'^'  ^  Govmnnication  de  la  Car.  Int.  et  du  Sinus  Cav. 

*  Ibid.,  Belens,  loo.  cit. 

=  Trans.  OpUh.  Soc.  vol.  iii 
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would  not  adopt  such  of  the  above  modes  of  treatment  as  are 
fraught  with  danger  to  life. 

Erectile  or  cavernous  tumours.— These  growths,  whose  struc- 
ture resembles  very  much  that  of  the  corpora  cavernosa,  seem  to 
be  more  frequent  in  the  orbit  than  elsewhere.  They  are  slow- 
growing,  but  tend  to  mould  themselves  to  the  parts  with  which 
they  come  in  contact,  so  that  their  removal  en  masse  without 
injury  to  the  optic  nerve  and  muscles  is  generally  impossible, 
while  their  great  vascularity  renders  a  partial  operation  trouble- 
some and  dangerous. 

Injuries  and  foreign  bodies. — The  orbit  is  not  a  very  un- 
common situation  for  a  foreign  body  to  become  imbedded  in, 
while  owing  to  the  amount  of  fat  which  the  orbit  contains,  its 
presence  may  be  unsuspected  for  many  days — hence  the  im- 
portance of  making  a  very  careful  examination  of  a  wound  in 
the  eyelid  or  conjunctiva.  As  an  instance  of  the  ease  with  which 
a  large  foreign  body  may  be  coucealed  in  the  orbit,  the  case 
published  by  Mr.  Carter  is  probably  unique.  An  old  man  fell, 
while  drunk,  down  a  flight  of  steps,  at  the  bottom  of  which  was 
a  row  of  hat-pegs.  He  received  a  contusion,  and  a  cut  on  the 
eyelid,  which,  after  a  few  days,  induced  him  to  seek  advice ;  a 
surgeon  treated  him  for  several  days,  and  then  noticed  a  black 
substance  lying  in  the  wound ;  on  seizing  this  with  forceps  he 
succeeded  in  withdrawing  the  shaft  of  a  hat-peg  measuring  3^ 
inches  in  length.' 

'  The  peg  is  in  St.  George's  Hospital  Museum. 
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FORMULAE. 
CAUSTICS. 

No. 

1.  Mitigated  nitrate  of  silver  crayon  is  made  by  fusing  together 

equal  parts  of  nitrate  of  silver  and  nitrate  of  potash,  and 
running  into  moulds. 

2.  The  same,  consisting  of  1  part  nitrate  of  silver,  and  2  parts 

nitrate  of  potash. 

3.  The  same,  consisting  of  1  part  nitrate  of  silver,  and  3  parts 

nitrate  of  potash. 

4.  The  same,  consisting  of  1  part  nitrate  of  silvei-,  and  4  parts 

nitrate  of  potash. 

Used  in  granular  conjunctivitis  ;  the  everted  lids  being  rubbed 
with  the  crayon,  and  the  excess  of  silver  nitrate  washed  away 
with  salt  solution  (NaCl  6  %). 

Also  used  along  the  margins  of  the  lids  in  blepharitis. 

5.  Lapis  divinus.    Made  by  fusing  together  equal  parts  of  sulphate 

of  copper,  alum,  and  nitrate  of  potash,  with  camphor  JL-  part 
of  the  whole  added,  and  running  into  moulds. 

Used  in  chronic  granular  or  catarrhal  conjunctivitis. 

6.  Pasta  zinci  chloridi.    Zinci  chloridi  gss  ;  faring  3j  ss  ;  liq.  opii 

sed.  ^ss.  Misce. 

Used  in  rodent  ulcer  and  other  malignant  growths. 

7.  Hyd.  perchlor.  gr.  xviij.  (dissolve  in  glycerine,  q.  s.)  ;  Aqua3 

To  be  brushed  on  the  everted  lids  in  granular  conjunctivitis 
Cocaine  should  be  used  before  and  after,  as  the  application 
otherwise  very  painful. 

M  M 
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8.  Argenti  nitratis  gr.  v,  vel  gr.  x,  vel  gr.  xx  ;  aq.  destill.  ^j. 
Dissolve. 

To  be  brushed  on  the  everted  lids  in  granular  or  catarrhal 
conjunctivitis,  the  excess  being  washed  away  with  salt  solution. 


LOTIONS. 

9.  Hydrarg.  perchlor.  gr.  ^ ;  aq.  destill.  §j  (1  in  5000). 

Used  in  purulent  ophthalmia;  sometimes  in  granular  or 
catarrhal  conjunctivitis  ;  also  before  and  after  operations. 

10.  Acidi  borici  gr.  x  ;  aq.  destill.  §j.  Dissolve. 

11.  Aluminis  gr.  ij  to  gr.  v.  ;  aq.  destill.  ^j.  Dissolve. 

12.  Zinci  sulphatis  gr.  ij.  ;  aq.  destill.  §j.  Dissolve. 

Used  in  the  milder  forms  of  conjunctivitis. 

13.  Sodii  biboratis  gr.  x  ;  aq.  de.still.  §j.  Dissolve. 

Used  in  blepharitis,  to  wash  away  the  crusts. 

14.  Sodii  bicarbonatis  gr.  x  ;  aq.  destill.  gj.  Dissolve. 

Used  in  burns  by  acids  :  also  in  blepharitis. 

DROPS. 

15.  Cupri  sulphatis  gr.  ij  ;  aquje  destillatse  ^j.  Dissolve. 

16.  Argenti  nitratis  gr.  ss.  to  j  ;  aq.  destill.  ^j.  Dissolve. 

17.  Zinci  chloridi  gr.  ij  ;  aq.  destill.  gj.  Dissolve. 

Used  in  many  forms  of  chionic  conjunctivitis,  where  more 
energetic  measures  are  indicated  than  the  lotions  10, 11,  and  12. 
(To  be  avoided  if  there  is  any  affection  of  the  cornea.) 

18.  Atropinse  sulphatis  gr.  ij  to  iv  ;  aq.  destill.  gj.  Dissolve. 

The  mydriatic  j;ar  excellence.  Used  in  iritis,  cyclitis,  and 
choroiditis  ;  in  corneal  ulcers,  keratitis,  &c.  Also  to  dilate  the 
pupU  and  paralyse  accommodation  in  estimating  errors  of  re- 
fraction. 

19.  Homatropinse  hydrobromatis  gr  vj  ;  aq.  destill.  gj.  Dissolve. 

Used  where  the  mydriatic  effect  is  only  required  for  a  short 
time,  as  in  the  ophthalmoscopic  examination  of  the  fundus, 
vitreous,  or  lens. 

20.  Daturinse  sulphatis  gr.  ij  ;  aq.  destill.  gj.  Dissolve. 

21.  Duboisinfe  sulphatis  gr.  j  ;  aq.  destill.  gj.  Dissolve. 
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22.  Hyoscinse  hydrobroroatis  gr.  j  ;  aq.  destill.  f  j.  Dissolve. 

These  are  similar  in  action  to,  and  intermediate  in  strength 
between  homatropine  and  atropine,  and  are  useful  in  the  same 
cases.  They  may  be  tried  as  substitutes  for  atropine  where  that 
drug  causes  irritation. 

23.  Cocainee  hydrochloratis  gr.  x  ;  aq.  destill.  gj.  Dissolve. 

Mydriatic  and  local  anaesthetic ;  used  in  most  operations, 
and  in  painful  corneal  ulcers  or  wounds.  Its  strength  may  be 
from  3  to  6  per  cent.  It  may  be  simply  instilled  into  the  pal- 
pebral sac,  or  injected  beneath  the  conjunctiva  of  the  globe  or 
beneath  that  of  the  eyelid  by  means  of  a  hypodermic  syringe. 

24.  Atropinse  sulph.  gr.  iv.  ;  cocain.  hydrochlor.  gr.  xx  ;  aq.  das  ill . 

gj.  Dissolve. 

Used  where  a  very  powerf  til  mydriatic  is  desired  :  e.g.  to  break 
down  posterior  synechise  in  iritis. 

25.  Homatr.  hydrobrom.  gr.  vj  ;  cocain.  hydrochlor.  gr.  x  ;  aq. 

destill.  3j.  Dissolve. 

Used  for  estimating  refraction  where  it  is  desirable  that  the 
power  of  accommodation  shall  return  in  a  few  hours. 

26.  Eserinee  sulphatis  gr.  ij  ;  aq.  destill.  jj.  Dissolve. 

Myotic.    Used  in  glaucoma ;  in  peripheral  wounds  of  the 
cornea  ;  and  in  some  forms  of  corneal  ulcer. 

27.  Pilocarpina3  nitratis  gr.  ij  ;  aq.  destill.  ^j.  Dissolve. 

Myotic.    Used  in  the  same  class  of  cases  as  eserinc,  for  which 
it  may  be  substituted  if  that  drug  causes  irritation. 

28.  Eserinfe  sulph.  gr.  j  ;  cocain.  hydrochlor.  gr.  v  ;  aq.  destill.  gj. 

Dissolve. 

Used  where  anaesthesia  is  desired  without  dilatation  of  pupil; 
for  example,  in  operations  for  cataract. 

29.  Fluorescin  gr.  viij  ;  liquoris  potass?e  ni  130;  aq.  destill.  3j. 

Dissolve. 

Used  as  an  aid  to  diagnosis  in  abrasion  of  the  cornea.  May 
also  be  used  to  demonstrate  the  progress  of  healing  in  abrasion 
or  ulcer. 


OINTMENTS. 

30.  '  Unguentum  Simplex.'  Ceri  albi  3j  ;  adipis  pr^parati  5ij.  Mix. 

Rubbed  along  the  edges  of  the  lids  at  night  in  conjungtivitis, 
to  prevent  the  lids  sticking  together.  °  ' 
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31.  Hydrargyri  oxidi  flavi  gr.  viij  or  less  ;  vaselini  ^j.  Mix. 

32.  Ung.  hydrarg.  oxidi  rubri      ;  vaselini  ad  §j.  Mix. 

Used  in  conjunctivitis  and  blepharitis;  also  in  corneal 
nebulae. 

33.  Acidi  borici  gr.  x  ;  vaselini  gj.  Mix. 

Used  in  conjunctivitis  and  blepharitis. 

34.  Ung.  hydrargyri  nitratis  5j  ;  vaselini  ad  gj.  Mix. 

Used  in  tinea  tarsi ;  also  in  the  same  cases  as  No.  32. 

35.  Atropine  (alkaloid)  gr.  ij  to  x ;   vaselini  gj.    Dissolve  by 

warmth. 

36.  Atropinae  gr.  iv ;  cocainse  gr.  x  ;  vaselini  gj.     Dissolve  by 

warmth. 

Used  similarly  to  the  drops  18  and  24.    It  is  often  easier  for 
parents,  &c.,  to  put  ointment  into  children's  eyes  than  drops. 


FOMENTATIONS. 

37.  Extracti  belladonnae  5j  ;  aquae  Oj.  Dissolve. 

To  be  made  hot,  and  used  as  a  fomentation  in  acute  iritis, 
cyclitis,  &c. 

38.  Acidi  borici  5vj  ;  aquae  Oj. 

Used  in  orbital  cellulitis,  styes,  and  other  affections  where 
moist  warmth  is  desired. 


HYPODEEMIC  INJECTION. 

39.  Pilocarpinae  nitratis  gr.  iij  ;  aq.  destill.  3j.    Dissolve.    Two  or 

three  minims  to  be  injected  hypodermically  daily,  the  dose 
being  gradually  increased  up  to  six  minims. 

The  object  is  to  produce  profuse  perspiration  and  slight 
salivation.  Used  in  detached  retina,  choroiditis,  retinitis,  and 
iritis. 

INFUSION. 

40.  Infusum  abri.    Take  of  powdered  jequirity  seeds  5j  ;  water  at 

120"  F.,  5xij  ss.    Let  stand  till  cool,  and  decant. 

Used  in  granular  ophthalmia  with  total  pannus.  (See  p.  103.) 
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Ttif  Gallic  tribes  U\\  vff  and  incd  tor  .}Jr*cr.  Even 
the  Dstaviaui  bc»me  weary  uf  ihc  bopelete  couteil 
«hil«  lononc,  after  moeb  caplicioni  huveriiig,,  tettletl 
at  tatt  iipo:i  ,the  Roman  iifie.  Bad  Ctvilii  licea  >uc> 
txiitul,  he  would  have  been  deified;  but  hit  niiifortuuet, 
at  laet   made  him  udioui  io  ipile  of  hil  hcrutim.  But 


the  Batavian  wat  nnl  a  man  to  be  crnihtd,  Xur  had 
ht  lived  10  long  in  the  Homan  icrvice  to  be  niu* 
matched  io  politic!  by  the  barbaroue  Germaoi. 
Ha  waa  nut  to  be  sacrificed  ai  i  peaee-oHeiing  lo 
revengeful  Rome.  Watching  from  beyond  the  Rhine 
the   progrtsi  of    defection   and   tht   decay  of  uatioual 


D  =  0,6  metre. 

enthasiasm,  he  detemuned  to  be  beforehand  with  those  who  were  now  his  enemies.  He 
accepted  the  offer  ol  negotiation  from  CerialiB.  The  Eoman  general  was  eager  to  grant  a 
lull  pardon,  and  to  reenlist  so  brave  a  soldier  in  the  service  of  the  empire.  A  colloquy  was 
agreed  upon.  The  bridge  across  the  Nabaha  was  broken  asunder  in  the  middle,  and  Cerialis 
and  Civilia  met  upon  the  severed  sides.  The  placid  stream  by  which  Roman  enterprise  had 
connected  the  waters  of  the  Ehine  with  the  laie  ol  Flevo,  flowed  between  the  imperial 


D  =  0,8  metre. 

commander  and  the  rebel  chiefuin.  —  Here  the  story  abruptly  terminate*. 
The  remainder  of  the  Roman's  narrative  is  lost,  and  upon  that  broken  bridge 
the  form  o/  tlie  Batavian  hero  disappears  for  ever.  His  name  fades  from 
history:  not  a  syllable  is  known  of  his  subsequent  career;  everything  is 
buried  in  the  profound  oblivion  which  now  steals  over  the  scene  where  he 
was  the  most  imposing  actor.    The  contest  of  Civilis  with  Rome  contains  a 

D=l  metre. 

remarkable  foreshadowing  of  the  future  conflict  with  Spain,  through 
which  the  Batavian  republic,  fifteen  centuries  later,  was  to  be 
founded.  The  characters  ,  the  events,  the  amphibious  battles,  despe- 
rate  sieges,  slippery  alliances,  the  traits  of  generosity,  audacity, 
and  cruelty,  the  generous  confidence,  the  broken  faith,  seem  so 
slosely  to  repeat  themselves ,  that  history  appears  to  present  th« 

D  =  l,25  metres. 

selfsame  drama  played  over  and  over  again,  with  but 
a  change  of  actors  and  of  costume.  There  is  more  than 
a  fanciful  resemblance  between  Civilis  and  William  the 
Silent,  two  heroes  of  ancient  German  stock,  who  had 
learned  the  arts  of  war  and  peace  in  the  service  of  a> 
foreign    and   haughty   world-empire.  Determination, 


C34 


SJi^LLEN'S  READINO-TYPE. 


D  =•  1 ,5  metres. 

concentration  of  purpose,  constancy  in  cala- 
mity, elasticity  almost  preternatural,  self- 
denial,  consummate  craft  in  political  combi- 
nations, personal  fortitude,  and  passionate 
patriotism,  were  the  heroic  elements  in  both. 
The  ambition  of  each  was  subordinate  to  the 

D  =  l,75  metres. 

cause  which  he  served.  Both  refused 
the  crown,  although  each,  perhaps, 
ccnteraplated,  in  the  sequel,  a  Bata- 
vian  realm  of  which  he  would  have 
been  the  inevitable  chief.  Both  offe- 
red the  throne  to  a  Gallic  prince. 

D  =  2,25  metres. 

for  Classicus  was  but  the 
prototype  of  Anjou,  as 
Brinno  of  Brederode,  and 
neither  was  destined,  in 
this  world  5  to  see  his  sacri- 
fices crowned  with  success. 
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miide,  aber  ich  bekam  doch  Lust  mich  noch 
einmai  auf  die  liblzerne  Bank  zu  setzen,  in 
die  ich  einst  den  Namen  meines  Madchens 
eingeschnitten.  Ich  konnte  ihn  kaum  wieder- 
fiaden,  es  waren  so  viele  neue  Namen  daruber 
hingeschnitselt.  Wahrend  ich  aber,  auf  der 

D  =  l,75  metres. 

alten  Bank  des  Hofgartens  sitzend 
in  die  Vergangenheit  zurucktraumte , 
horte  ich  hinter  mir  verworrene  Men- 
schenstimmen ,  welche  das  Schicksal 
der  armen  Franzosen  beklagten,  die, 
im  russischen  Kriege  als  Gefangene 

D  =  2,25  metres. 

nach  Sibirien  geschleppt, 
dort  mehre  lange  Jahre, 
obgleich  schon  Frieden  war, 
zuriickgehalten  worden  und 
jetzt  erst  heimkehrten.  Als 
ich  nun  aufsah ,  erblickte  ich 
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D  =  3  metres. 

The  characteristics  of 
the  two  great  races 
of  the  land  portrayed 
themselves  in  the  Ro- 
man and  the  Spanish 
struggle   with  much 

D=4  metres, 

the  same  colors: 
twice  a  Batavian 
republic  took  its 
rank  among  the 
leading  powers 
of  the  earth ,  the 
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by  reflection 

by  refraction 

in  emmetropia 

in  hypermetropia . 

in  myopia    .       .       .  417, 
Iridectomy  (Gr.  iris ;  iKTtivai,  I  cut 
out)  . 

for  artificial  pupil 

for  chronic  iritis  .  • 
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479 
31)0 
390 
389 
452 
452 

455 
474 
487 
102 
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507 
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474 
486 
499 
510 
437 
381 
390 
4.55 
45.5 
460 

2'7 

ir4 


INDEX. 


IRI 

Iridectomy  for  serous  iritis 

in  glaucoma .... 
preliminary  for  cataract 
for  posterior  .sj'nechiffi  . 
Irideremia  (Gr.  iris;  ^prinia,  ab- 
sence of)  . 
Irido-choroiditis  .... 

-cyclitis  .... 
Iridodesis  (Gr.  iris ;  Sew,  T  tie)  . 
Irido- dialysis  (Gr.  iris;  diaKvetv,  to 

part  asunder)  . 
Iridodonesis  (Gr.  iris ;  SoveTv,  to 
shake)      .       .       .  ],50, 
Iridoplegia  (Gr.  iris ;  vxiiaffuv,  to 
paralyse)  .... 
reflex    .  . 
Iridotomy  (Gr.  iris  ;  rinvoi,  I  cut) 

209, 

Iris  (Gr.^  Ipts,  the  rainbow) 

absence  of  . 

coloboma  of . 

gumma  of 

tubercle  of  . 
Iritis  (contr.  of  Iriditis) 

chronica 

granulosa 

plastica 

rheumatica  . 

serosa  . 

suppurativa  . 

syphilitica  . 

traumatica  . 

treatment  of 

tuberculosa  . 
Irrigation  . 
Ischsemia  of  the  retina 
Iwanoff 


156,  182, 
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323 
175 

200 
187 
176 
209 

197 

344 

510 
513 

343 
150 
200 
200 
196 
196 
161 
166 
167 
1G3 
164 
162 
165 
164 
172 
170 
167 
334 
238 
305 


Keratomalacia  (Gr.  Ktpas,  horn, 
cornea;  na\a.K6v,  soft) 


PAGE 


Jackson,  Hughlings  . 
Jacobson    .       ,       .       .  ' 
Javal  .... 
Javal's  ophthalmometer     .  ' 
Jeqnirity  in  pannus    .       .  \ 
Jessop .       .       .  _ 
Jones',  Wharton,  operation  for 

ectropion  .       .       ,  9g 
Juler's  electric  ophthalmoscope  '.  438 


233 
326 
505 
466 
103 
513 


ophthalmoscope 


Keratitis,  interstitial 
neuro-paralytic 
phlyctenular 
punctata 
suppurative  . 
ulcerative 
vascular 


433 


.  94 
.  108 
.  103 
99,  162 
.  105 
.  107 
.  101 


Keratoscope 
Keratoscopy 
Klein  . 

Krause,  gland  of . 


87 


.  468 
.  468 
92,  304 
.  3 


Lachrymal  apparatus      .      .  37 
anatomy  of  .       .       .  .37 
canaliculi     .       .       .  ,38 
ducts    .       .       .       ,  .37 
glands  .       ..."       !  37 
cysts  of.       .       ,  .41 
extirpation  of       .  .41 
fistula  of       .       .  .42 
hypertrophy  of  .  40 

inflammation  of    .  .39 

probes  47 

sac       .       .       .       ;       ■  38 
abscess  of     .       .  .46 
fistula  of       .       .  .52 
syringe  50 
Lagophthalmos  (a  hare  was  the 
only  animal  supposed  to 
sleep  with  its  eyes  open), 
(Gr.  Kaytis,  a  hare  ;  ofdaA- 
/j-Ss,  an  eve)      .       .  jg 
Landolt      .    222,  260,  278,  291,  497 
Landolt's  dynamometer      .  .414 
Lang   .       .       .  _ 
Laws  of  reflection 
Laws  of  refraction 
Leber  .       .       .87,  157, 
Leech,  artificial  . 
Lens,  coloboma  of 
crystalline  . 
dislocation  of 
histology  of  . 
Lenses 

cylindrical  . 
decentration  of  . 
numbering  of 
trial 
Lenttconus  . 
Leucocythiemic  retinitis 
Leucoma  (Gr.  x^vkSs,  white) 
Levator  palpebrte 
Ligament,  suspensory . 
Ligamentum  pectinatum 
Light  reflex,  direct 

consensual  . 
Line  of  fixation  . 

visual   .       ,  ^ 
Linear  opi^ration  for  cataract 
Lipoma  of  orbit  . 
Long-sightedness 
Lupus  conjunctivfe 
Lymphatics  of  eye 


5,  89 
.  376 
.  383 
233,  249 
.  172 
.  305 
.  303 
306,  .343 
.  303 
.  4.30 
.  430 
.  415 
.  429 
.  429 
.  305 
.  245 
.  109 
.  4 
165,  305 
.  141 
.  511 
.  511 
.  394 
394 
.327 
524 
423 
89 
160 


544 
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Spda), 


numbering 
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MAC 

Mackenzie 

Macula-lutea 

Maddox  prism  tests  . 
rod  test 

Malingering 

modes  of  detecting 

Manz  .... 

Maximum  of  convergence 

Maxwell's  disc 

Mc  Hardy  . 

McHardy's  perimeter  . 

Megalopsia  (Gr.  M«'7as,  great 
I  see) 

Meibomian  glands 

cyst     .       .  ^. 

Meningocele  (Gr.  m^'"7^i  mem- 
brane ;  kt)\t),  a  tumour)  . 

Metamorphopsia  (Gr.  /uero/tdp- 
(paiffis,  a  transformation ; 
6pdw,  I  see)       .  .178 

Metre-angle,  the  . 

Metrical  system  of 
lenses 

Meynert,  fibres  of 

Micropsia  (Gr.  /jiiKpis,  small 
I  see) 

Miliary  tubercle  of  iris 

choroid 
Military  ophthalmia 
Millingen,  Van  . 
Miner's  nystagmus 
Minimum  of  convergence 
Mirror,  concave  . 

convex  . 

plane  . 
M'Keown 
Moll,  glands  of  . 
Molluscum  contagiosa 
Mooren 

Morgagnian  cataract 
Movements,  associated 
Mucocele 
Miiller,  fibres  of  . 

muscle  of 
Mules'  operation  . 
Miinck 

Muscse  volitantes 
Muscles 

action  of 

innervation  of 

ocular  . 

orbicularis  . 
Muscular  advancement 
Muscular  insufficiency 
Mydriasis  . 
Mydriatics  .       .    _  • 

in  hypermetropia . 

•when  necessary  . 


OPA 


PAGE 

273 
223 
509 
507 
280 
280 
233 
414 
284 
851 
262 

280 
3 
9 

518 
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521, 
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443, 
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280 
410 

429 
211 

280 
196 
188 
71 
26 
506 
411 
377 
382 
376 
334 
1 

15 
326 
311 
476 

45 
219 
622 
124 
120 
348 
473 
474 
476 
473 
2 

502 
506 
512 
444 
444 
468 


Myopia  (Gr.  uvu,  I  close ; 

PAGK 

&<p,eye)  416 

angle  '  gamma '  in 

.  420 

apparent 

.  421 

axial 

.  416 

causes  of 

.  418 

choroiditis  in 

.  419 

concave  lenses  in . 

.  446 

convergence  in 

.  420 

correction  of 

.  471 

definition  of 

.  416 

divergence  in 

.  497 

emergent  rays  in  . 

.  416 

'  far-point '  in 

.  417,  446 

fundus  changes  in 

.  419 

inverted  image  in 

.  455 

pathology  of 

.  418,  419 

prevention  of 

.  421 

progressive  . 

.  419 

refractive 

.  416 

simple  . 

.  419 

Myopic  crescent  . 

.  183,419 

Myosis 

.  512 

N^vi  .... 

.  12 

Nagel  .... 

.  237 

Nasal  duct  . 

.  39 

stricture  of  . 

.  44 

Nasal  hemianopsia 

.  276 

Navy,  vision  required  for  the  .  451 
Needle  operations  for  cataract  .  316 
Neisser,  gonococcus  of       .       .  6H 

Nelaton  527 

Nettleship  .  .  .  .97,  274 
Neuritis,  optic  ....  229 
Neuroma  .....  524 
Neuro-paralytic  keratitis  .  .108 
Night-blindness  .  .  .  .278 
Nodal  points  .  .  .  .389 
Normal  colour  vision  .       .       .  283 

Noyes'  specula  327 

Nyctalopia  (Gr.  pv^,  night ;  Spdai, 

I  see)  .  .  .  nofe-ZlS 
Nystagmus  (Gr.  wtrrdCoi,  1  nod 

sleepily)   ....  505 


Occlusion  of  pupil 
Ocular  muscles  . 

paralysis  of  . 
oedema  of  eyelid 

of  orbit 

of  retina 
Oilier  . 
Onyx  (Gr.  oi/uf,  a  nail) 
Opacities  of  vitreous 
Opaque  capsule  . 
Opaque  nerve-fibres 


.  165 
.  473 
.  484 
.  7 
.  516 
.  243 
.  87 
.  106 
.  348 
.  342 
.  226 
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Opaque   nerve-fibres,  plate  of 

facing  227 

Operations : 

for  ptosis     .      .      .  .20 
for  trichiasis       .       .  .24 
for  entropion       .       .     25,  26 
for  ectropion       .       .  28-32 
skin  grafting       .       .  .32 
for  symblepharon        .       .  35 
extirpation  of  lachrymal 
glands      .       .       .  .41 
division  of  canaliculus  .       .  42 
for  pterygium     .       .  .85 
peritomy      .       .       .  .102 
paracentesis  of  anterior 
chamber  ....  113 
Stemisch's,  for  corneal  ulcer  114 
tattooing  cornea  .       .  .119 
transplantation  of  cornea    .  120 
abscission    .       .       .  .123 
evisceration  ....  123 
enucleation  ....  125 
Arlt's  method  of  .       .  127 
for  conical  cornea       .  132, 133 
iridectomy   .       .       .  174, 204 
for  glaucoma        .  204,  367 
for  posterior  synechia  .  175 
optical  .       .       .  207,  315 

323 
209 
209 
322 
370 
372 
498 


preliminary  . 
iridodesis  .  . 
iridotomy 

for  cataract  (see  Cataract) 
sclerotomy  . 
paracentesis  of  vitreous 
for  strabismus 
Ophthalmia  (Gr.  oipBaKjxia,  sore 

eyes)       .      .      .  .66 
catarrlial     .       .       .  ,56 
Egyptian     .       .       .  .71 
gonorrhcEal  .       .       .  .62 
granular      .       .       .  .71 
military      .       .       ,  .71 
peonatorum .      .      .  .69 
purulent      .       .       .  .62 
sympathetic        .       .  .189 
Ophthalmometer,  Javal's    .       .  466 
Ophthalmoplegia       .       .       .  488 
Ophthalmoscope  .       .       .  .431 
as  test  of  refraction    .  462-466 

use  of  435 

electric       ....  434 
Helmholtz's  ....  432 
Ophthalmoscopy        .       .  435-440 
direct  method  of  .       .       .  436 
indirect  method  of      .      .  437 
Optic  atrophy,  visual  field  in      .  236 
Optic  commissure,  decussation  in  213 
disc  214 


PAR 

PAGE 

Optic  nerve,  anatomy  of  .  .213 
atrophy  of  .  .  .  234 
hajmorrhages  of  .  .237 
sheath  .  ,  .  .213 
source  of  fibres  in        ,  213 

Optic  neuritis  229 

causes  of      .       .       .  232 
pathology  of        .       .  232 
symptoms  of        .       .  229 
theories  of    .       .       .  233 
Optic  tracts,  source  of  fibres  in  .  211 
Optical  centre  of  convex  lens     .  389 
constants  of  eye  .       .       .  393 
defects  of  eye     .      .      .  400 
parallax       ....  357 
principles    ....  376 
properties  of  eye  .      .      .  393 
Optometers        ....  450 
Ora  serrata         .       .       .  ,219 
Orbicularis  palpebrarum    .      .  2 
paralysis  of  .      .      .  .18 
Orbit,  abscess  of        ...  515 
cellulitis  of  .       .       .  .514 
cysts  of       .      .      .  .524 
diseases  of  .       .       .       .  514 
emphysema  of     .      .  .517 
exostoses  of .      .      .      ,  524 
fibroma  of    .       .       .       .  524 
foreign  bodies  in  .       .  528 
injuries  of   .      .      .  .528 
lipoma  of    ...      .  524 
neuroma  of  .       .       .       .  524 
oedema  of    ...      .  516 
periostitis  of       .       .       .  616 
sarcoma  of  .       .      .      .  525 
scirrhus  of  .       .       .       .  526 
tumours  of  .       .       .       .  523 
Orbito-palpebral  fold  .       .      4,  521 
Orthophoria  (Gr.  bpdos,  straight ; 

<Pfpuv,  to  bear)        .      .  508 


Pagbnstbcheb's  operation  for 

ptosis  .  .  .  .20 
Panas'  operation  for  ptosis  .  .21 
Pannus  (L.  pannus,  red  cloth)  74,  101 


inoculation  for 
jequirity 
peritomy  for 
Panophthalmitis 
Papillitis 

Papillomata  of  eyelids 


65. 


102 
103 
102 
184 
229 
15 


Paracentesis  of  anterior  chamber  113 
of  vitreous  chamber  .  .  372 
Parallactic  movements  of  vessels  356 
Parallel  displacement  .  .  334 
Paralysis  of  ciliary  muscle  ,  \  513 
of  ocular  muscles       .      .  431 


N  N 


546 


INDEX. 


PAR 

Paralysis    of  ocular 

causes  of  . 

diagnosis  of 

differential  diagnosis 

symptoms 

treatment  of 
of  ocular  nerves  . 
Paralytic  strabismus  . 
Passavant's  operation  , 
Pediculosis         .       .       .  . 
Pemphigus  of  conjunctiva  . 
Perimeter,  the    .       .       .  , 
mode  of  using 
McHardy's   .       .       .  . 
Priestley  Smith's 
Perimetric  observations,  import- 
ance of  . 
Periostitis  of  orbit 
Peritomy   (Gr,  irepnenvai,  I  cut 

around)    .       .       .  . 
Phlyctenular  conjunctivitis  (Gr. 

dim.  of  <fA.u/cTaii/o,  a  vesicle) 
keratitis      .      .      .  . 
Phosphenes        .       .       .  . 
Phtheiriasis  (Gr.  <p6e'ip,  a  louse)  . 
Phthisis  bulbi     .       .       .  . 


I'AGK 

muscles, 

.  483 
.  489 
.  491 
.  482 
.  492 
484-6 
.  481 
.  174 
.  7 
.  88 
.  258 
.  258 
.  263 
264 

265 
516 

102 

82 
103 
178 
7 

185 


Physiological  cup,  plate  of  facing  227 
Pigmentary  retinitis  .       .       .  246 
pathology  of  .       .       .  248 
plate  of        .      facing  247 
symptoms  of .       ,      '.  246 

Pilocarpin  370 

Pinguecula  (L.  dim.  of  piiiguis, 

fat)  86 

Plastic  iritis       .       .       .  ,163 

Pluvier  120 

Polycoria  (Gr.  iroAus,  many ;  /crfprj, 

a  pupil)    .       .       .  .201 
Posterior  staphyloma         .  183,  419 
synechia      ....  174 
operations  for      .  .174 

Power  120 

Preliminary  iridectomy  for  cata- 
ract  323 

Presbyopia  (Gr.  ■npicr^vs,  old  ; 

6pdaj,  I  see)      .       .       .  409 
correction  of       .       .  409,  472 
Primary  colours  .       .       .  285 

deviation  in  strabismus       .  482 
Prince's  catch-forceps     '  .       .  502 
Principal  axis  of  lens         .       .  388 
of  spherical  surface     .  385 
Principal  focal  plane  .       .       .  386 

focus  386 

meridians  in  astigma- 
tism       .       .       .  425.  450 

Prisms  412 

diplopia  produced  by  .      .  413 


pro- 
185, 


REM 

Prisms  in  convergence 

in  muscular  insuflSciency 

in  paralyses  . 

in  strabismus 

numerical  value  of 

refraction  by 

virtual  images  caused  by 
Probes,  lachrymal 
Progressive  myopia 
Projection,  false  . 

of  image 
Proptosis  (Gr.  irponlirrw,  I 

trude) 
Pseudo-gUoma 

Pterygium  (Gr.  irrepuf,  a  wmg) 

treatment  of  .  .  . 
Ptosis  (Gr.  irlirrw,  I  fall)     .'  '. 

Eversbusch's  operation  for  . 

Pagenstecher's     „  „ 

Panas'  „ 
Pulsating  exophthalmos 
Punctum,  displacement  of  . 

proximum    .       .       .  . 

remotum  .  .  403,  417, 
Pupil  (L.  dim.  of  ?;//jt;a,  a  baby)  . 

pathological    variations "  in 
size  of 

Argyll  Robertson's 

exclusion  of 

hemiopic 

movements  of 

occlusion  of 
Purulent  ophthalmia  . 
Pye-Smith  ... 
Pyramidal  cataract     .   109,  306, 


413 
509 
493 
505 
412 
384 
413 
47 
419 
482 
477 

514 
256 
84 
85 
18 
22 
20 
21 
526 
42 
406 
422 
511 

512 
513 
165 
513 
153 
165 
62 
237 
309 


liAN  VIER  . 

Real  image 

Recli  nation 

Red-blindness 

Reflection  . 

by  a  concave  mirror 
by  a  convex  mirror 
by  a  plane  mirror 
laws  of 
real  image  by 
virtual  image  by 

Refraction  . 
errors  of 
index  of 
laws  of 

at  plane  surface 
at  spherical  surface 


methods  of  estimating 


through  prism 
Remains  of  pupillary  membrane 
of  hyaloid  artery 


521 
390 
325 
294 
376 
377 
382 
.  376 
.  376 
.  380 
377,  379,  382 
.  383 
.  415 
.  note  389 
.  383 
.  383 
385-8 
440 
384 
200 
227 
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Eemak  237 

Renal  retinitis    ....  241 

Retina  (L.  rete,  a  net)  .  .  216 
anatomy  of  .  .  .  .  217 
coloboma  of  .  .  .225 
detachment  of  .  .  .  251 
glioma  of  ...  .  254 
inflammation  of  .  .  .  241 
ophthalmoscopic  appearance 

of  

physiology  of      .       .  . 

Retinal  artery,  embolism  of 

Retinal  hsemorrhages 

ischemia  .... 
arteries,  pulsation  in  . 
veins,  pulsation  in 

bifurcation  of  . 

Retinitis  .... 
albuminuric . 
diabetic 
leucocythEemic 
pigmentosa  .  . 
syphilitic 

Retino-choroiditis,  syphilitic 

Retinoscopy 

Reymond,  Du  Bois 

Rheumatic  iritis 


Ring,  choroidal  . 

scleral  . 
Ring  scotoma 
Rodent  cancer  . 
Rotation,  centre  of 
Royal  Navy,  the 
Rupture  of  choroid 

plate  of 
Ruysch,  membrane  of 


222 
220 
238 
239 
238 
224 
224 
226 
241 
241 
244 
245 
246 
246 
181 
457 
505 
164 
227 
228 
267. 
.  13 
.  473 
.  451 
.  188 
facing  188 
.  158 


181, 


S^MISCH  . 
Saemisch's  operation  . 
Sanson's  images  . 
Sarcoma  (Gr.  <rap|,  flesh) 

of  choroid  . 

of  ciliary  body 

of  conjunctiva 

of  eyelid 

of  orbit 
Sattler 

Scheiner's  test 
Schiotz 

Schlemm,  canal  of 
Schmidt 
Schon 
Schultze 
Schwalbe    .       .       .  160, 
SchweUer  . 

Scleritis  .... 
Sclerotic  (Gr.  (XKKrjpds,  hard) 


.  84 
.  114 
.  314 
.  16 
.  196 
.  197 
.  88 
.  16 
.  525 
79,  158 
.  450 
.  466 
.  140 
.  233 
.  224 
.  291 
214,  220 
.  233 
.  142 
.  140 
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Sclerotic,  anatomy  of  .      .  .140 

ring  228 

rupture  of    .       .       .  .143 
wounds  of    .       .       .       .  144 
Sclerotomy  in  primary  glaucoma  370 
Scotoma  (Gr.  (t/cJtos,  darkness)  .  261 
mode  of  detecting       .  .262 
for  colours  ....  262 
ring     ....  181,  267 
Secondary  axes  ....  385 
deviation  in  strabismus       .  482 
glaucoma     ....  372 

S6e  523 

Serous  iritis  .  ...  162 
Shadow-test  ....  457 
examples  .  .  .  .463 
in  astigmatism  .  .  .  461 
in  emmetropia  .  .  .  461 
in  hypermetropia  .  .  460 
in  myopia    ....  460 

Sharkey  522 

Sherrington  ....  212 
Sichel  ....  253,  273 
Silcock  ....  9iofe  238 
Simulated  amblyopia  .  .  .  280 
Skin  grafting  for  ectropion  .  32 
Smith,  Priestley  163,  239,  303, 

358,  362 

Smith's,  Priestley,  perimeter      .  264 


Snell 

Snell's  electro-magnet 
Snellen 

Snellen's  types  . 
Snow-blindness  . 
Sparkling  synchisis 
Spasm  of  accommodation 
Spastic  strabismus 
Spectacles,  wearing  of 
Spectrum,  solar  . 
Spherical  aberration  . 
Spring  catarrh  . 
Squint  (see  Strabismus) 
Staphyloma,  anterior 

ffracpvK-i],  a  bunch  of 


506 
148,  351 
143,  280 
280,  533 
.  279 
.  350 
.  443 
.  494 
.  471 
.  283 
.  392 
.  84 

(Gr. 


grapes) 

.  121 

posterior 

183,  419 

SteflFan  .... 

.  89 

Stellwag's  sign  . 

.  520 

Stenopa'ic  slit 

.  448 

Stephenson,  S.  . 

.  227 

Stevens,  George  . 

note  508 

Stilling,  canal  of . 

.  227 

Stilling's  knife  . 

.  49 

Strabismus    (Gr.  <npafil^w 

.  I 

squint) 

.  477 

apparent 

.  481 

concomitans 

,  494 

Strabismus,  measurement  of 

.  497 

648 
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